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This application is a continuation-in-part application of serial nunber
09/ 216,791 filed on 12/21/98. BACKGROUND OF THE I NVENTION (1) Field of the

" “invention. The invention relates to the nanufacturlng of high pdif foNnaltce

-I'ntegrat fhéjéﬂﬂ¥ %ngg%ng AN, 1 gﬁﬁsggglflca Yy met hods of creating
e

“ high per or mance

ectrical conmpon J&nFOou% é}‘?SiIH&EEPBrB’RWF{%e

surface of a sem conductor substrate by reducing the el ectromagnetic

l osses that are typically incurred in the surface of the substrate. (2)

Descri o] t. . The continued enphasi.s i n.the sem conductor
technoP@%&gﬁﬂﬁﬂHQ%gEégt£56%6F3§5'Up%r?orﬁﬁn%%ggéﬁﬁéﬂﬁﬂﬁéPBrOHGWFE€§zﬂ

conpetitive prices. This e ver .t he resulted in extrene
m niaturization of sem con ctor geglg % %%égg%%le by continued
advances of seniconductor processes and naterlals in conbination with new
and sophi sticated device designs. Mdst of 1 - 6 JUN 2006 the sem conductor

devices that are at this tine being created are ainmed at processing digital
dat a- There are however al so nunmerous sem conductor designs and approaches

that are ai med at

BACKGROUND OF THE INVENTIOW

{1} Field of the invention.

The invention relates to the manufacturing of high
performance Integrated Circuitr(IC’s), and, more specifically, to
methods of creating high performance electrical components. (such
as an inductor) on the surface of a semiconductor substrate by

. reducing the electromagnetic losses that are typically incurred

in the surface of the substrate.
{2} Description of the Prior Art.

The continued emphasis in the semiconductor technelogy is to
Create improved performance semiconductor devices at competitive
prices. This emphasis over the years has resulted in extreme
miniaturizatioﬂ of éemiconductor devices, made possible by
continued advances of semiconductor processes and materials in

combination with new and sophisticated device designs. Most of



i ncorporating anal og functions into devices that sinultaneously process
digital and anal og data, or devices that can be used for the processing of
only anal og data. One of the mmjor challenges in the creation qf 6nal og
processing circuitry (using digital processing procedures and %qﬂl %r?@ﬁt)
‘i s thattte sertepndfictdie desdnpenehbs thataarehiusedmbopeandl ©GLeadCuirbry are
|arge in size and are therefore not readily integrated into devices that
typi caldijnekdlave Peateseirsi zegitthat dappr OBicdrd hereStbwhir6 F 0L SANRGRerotBe NMAI N
conponents that offer a challenge in this respect are capacitors and
i nduct gregiceonnoet pot detiese acgnpopentshas eshdtoraret ypieal amnal og processi ng
circuits, of considerable size. A typical application for inductors of the
i nvent ildforgoratingeartdlaiad fohcipderninobidevicewmihicationl appldueati ons t hat
make use of conpact high-frequency equi pnent. Continued inprovenents in
t he perfoceafcéighbractral iaskileoy dhtehi sr etpiigment-hhascaverse tuwed Years been
achi eved, further inprovenents will place continued enphasis on |owering
t he povdre poasempiiomibfortllye aeglippneata. dne redatiengafbe «iazd cofsekhe
. equi pment, on increasing the frequency of the applications and on creating
| ow noiige theveksat Qe of arkdogmpirncappl i atimend tef, sesicpnduaten devices in
the field of nobile 2 - 8 JUN 2006 communication is the creation of Radio
FrequéenapceRElnanptioddédnrss aRE anpliphéet)s iconthaitnaantupderoof:rhst andard
conponent s whereby a
' components that are used for analog circuitry are large in size

and are therefore not readily integrated into devices that
typically have feature sizes tgat approach the sub-micron range.
The main components that offer a challenge in this respect are
capacitors and inductors, since both these components are, for

typical analog processing circuits, of considerable size.

A typical application for inductors of the invention is in
the ﬁield of modern mobile communication applications that make
use of compact high-frequency eguipment. Continued improvemants
in.the performance characteristics of this equipment has over the
years been achieved, further improvements will place continued
emphasis on lowering the power consumption of the eguipment, on
reducing the size of the equipment, on increasing the freguency
of the applications and on creating lowrnoise levels. One of the

main applications of semiconductor devices in the field of mobile



maj or conponent of a typical RF anplifier is a tuned circuit that contains
i nductive and capacitive conponents. Tuned circuits form dependent on and
determined by the values o'~ their inductive and capacitive qﬂg@ﬁﬂgﬁ$SJ an
I npedance that is frequency dependent, thereby enabling the t Boui t
to eitf€FUpreaehen alhitdle ereatiow ohpedincerbanestgnats efnpaiegetai n
‘frequency. The tuned circuit can therefore either reject or pass and

f urt heRFafpPit yieohpomdmis ef nambanad Dostsinghak, chasetors therbpgquency of

t hat conponent. The tuned circuit can in this manner be used as a filter
to fil "@PCBUECBrOTEHoVE @i Gialksabf REermrdiifiefr équencies: afircaikteapye noi se
froma circuit configuration that is ainmed at processing anal og signals.
The tuff8Bt&FPEUT T V4l §69 Berastli (o dammpenanhi ghTelettaiireali tknpedance by
using the LC resonance of the circuit and to thereby counteract the effect
of paf&8Pt i CeRAPRII Lt Micesdt Aatennbnghrty sheavelnesids Grdrof the probl ens
that is encountered when creating an inductor on the surface of a

seni coABfdeEbEve ubst rapaciis ivhatonpensels, - nesonpacencd hatati sscaused by the
parasitic capacitance between the (spiral) inductor and the underlying

subst r dreqwendy |denandene , usBeoébd henaki NAWCEBE Bbndd 0h fHRGUERCL BB AS part
of the design of such an inductor it is therefore of inportance to reduce

the capaestnven @I UN 2006w comgpddArg-deweenghhes deat ed d-ndyctor and the

under I'yi ng
frequency. The tuned circuit can therefore either reject or pass
and further amplify components of an analog signal, based on the
frequency of that component. Tée tuned circuit can in this manner
be used as a filter to filter out or remove signals of certain
frequencies or to remove noise from a circuit configuration that
is aimed at processing analog signals. The tuned circuit can also
be used to fqrm a high electrical impedance by using the LC
resonance of the circuit and to thereby counteract the effect of
parasitic capacitances that are part of a circuit. One of the
problems that is encountered when creating an inductor on the
surface of a semiconductor substrate is that the self-resonance

- that is caused by the parasitic capacitance between the (spiral)

inductor and the underlying substrate will limit the use of the

inductor at high frequencies. As part of the design of such an

inductor it is therefore of importance to reduce the capacitive



substrate At high frequencies, the electromagnetic field that is generated
by the inductor induces eddy currents in the underlying silicon substrate.
Since the silicon substrate is a resistive conductor, the eddy . rr%ﬂ%s
wi Il consune el ectromagnetic energy resulting in significant eh l&% Ss,
resul t SRYPEANE POW SN cdsacireoted Thidudtot hedmaha weasan ifer a | ow Q val ue
of a capacitor, whereby the resonant frequency of I/V(LC) only Iimts the
upper B8GAdaRYeof the frequency. In addition, the inductor induced eddy
currents will interfere with the performance of <circuitry that is in close
physical proximty to the capacitor. It has already been pointed out that
one of the key  conponents that is used in creating high frequency anal og
seni conduct BF A& Juenchesi neluet orethramagortse phididftiatlLCs resonance
circuit. In view of the high device density that is typically encountered
in semIEBRABEEDroYeIT S @REOF hendiregefadsim chokbows nign i Ntcensdenseing t he
substrate surface area, the creation of the inductor mnmust incorporate the
m ni m Fatie6An ot ubHeradher-f Séeceatiea $ildtcdrs snequicaed fora theiisnduet or whil e
at the same time mintaining a high Q value for the inductor. Typically,

i nduct 6psduchar, arfes crdelat edroanthevislir fraceuat alsubsinaie taceefbrgy Spiral 4
26 JUN 2006 shape whereby the spiral is created in a plane<that 1s
paral | gksulting in significant energy loss, resulting in a low Q

capacitor. This is the main reason for a low Q value of a
capacitor, whereby the resonant frequency of 1/V{LC) only limits
the upper boundary of the freq;ency. In addition, the inductor
induced eddy currents will interfere with the performance of

circuitry that is in close physical proximity to the capacitor.

It has al;eady been pointed out that one of the key
components that is used in creating high freéuency analog
semi;onductor devices is the inductor that forms part of a LC
resonance circuit. In view of the high device density that is
typically encountered in semiconductor devices and the therefrom
following intense use of the substrate surface area, the creation
of the inductor must incorporate the minimization of the surface

.area that is required for the inductor while at the same time
maintaining a high @ value for the inductor. Typically, inductors

that are created on the surface of a substrate are of a spiral



with the plane of the surface of the substrate. Conventional nethods that
are used to create the inductor on the surface of a substrate suffer

several limtations. Mst high Qinductors form part of a_hyb;kﬁggﬁé@ﬁe
configuration or of Monolithic Mcrowave Integrated Circuits or

are cr @aEQQ ﬁ-ﬁeﬁ@@ﬁrt&{ee s_pcng@Oﬂ§nfE§eaéJ~]:f3 i@ gakhgﬂe O%Miicsh pia%ali tel r eapli ly
integratable into a typical process of Integrated rcuit "nmanufacturing.

It is wekRatnéhgtandpComi BRFatdE, €18aAL RPN, 00€ (ﬁ&meq'&q_%ﬂ(é\ﬁor

monol ithic substrate of circuitry that is ainmed at the function of anal og

data maetpubdiat tiee and anRakogodat & &t A9 nWht-hot he, gﬁ@@dr&@%gof)fd&gi tal
data mani pul ation and digital data storage, a nunber of significant

advant agest anee aghi Ryedevouah advani@ges . ﬁ6§£UQ§@ﬂfﬁffﬁ&@&gb&gnfﬁim .
manuf acturi ng costs and the reduction of power consunption by the conbined

functi past dhea spjyld ekieef cot heninduehor -t hat M&%H@?&taﬁ%i‘é%w% sur face
of a sem conductor substrate however results, due to the physical size of

the indusydiited CpAATt i(BueaPACidanGces Letween,t he dndyctor wiring and
t he underlying substrate and cause the el ectromagnetic energy |oss at the

under | ¥bRgoh&st S it $irkheoBn SUbSIHALE 1 sThese LG GaRagh Lances have
a seri%gsg%egative effébt onnthe fhncﬁfonali%@ %#ﬁfﬁé1éﬁ%ate§ LC circuit

by shakpty ge | %ceEEle“&H%@d?ét%%S%@?Bﬁftq{a&JFééé§P§%g9iEE”ié of the

appl i cati on. -8 JUN 2006
clear that, by combining the creation on one semiconductor
monclithic substrate of circuitry that is aimed at the function
of analog data manipulation ané analog data storage with the
functions of digital data manipulation and digital data storage,
a number of significant advantages are achieved. Such advantages
include the reduction of manufacturing costs and the reduction of
power consumption by the combined functions. The spiral form of
"the inductor that is created on the surface of a semiconductor
substrate however results, due to the physical size of the
inductor, in parasitic capacitances between the inductor wiring
and the underlying substrate and cause the electromagnetic enargy
loss at the undérlying resistive silicon substrate. These
parasitic capacitances have a serious negative effect on the
-functionality of the created I.C circuit by sharpiy reducing the

frequency of resonance of the tuned circuit of the application.



More seriously, the inductor-generated el ectronagnetic field will induce
eddy currents in the underlying resistive silicon substrate, causing a

significant energy loss that results inlow Qinductors. The pglf e
pa?aneter of an inductor is typically indicated is the Quality €k§ﬁ$2@$or

of the NIGEeE ouThe, qual iitdaucftaet%?grgéec@rgﬂegwg&gﬁnééiQegjiefl%d WQE%Q =

Es/El, wherein Es is the energy t is stored I n the reactive portion of

the caomurentddhi terBnds ithenenghgy,ihatly i.S.4:Q8t vLn 1he.Leactive portion
of the conponen?p The ﬁ;ghér t he qualft§ 0 tﬁg‘ cgnp%neﬁ%fjthe cl oser the

i sti ke, Ofatidten £ QITRARANE 1 cARPT GACRS 12860 Wbl | e L he Q factor of the
Lgi%gaéﬁfmﬁgb?gacth' fﬁfini?@.kéorﬂinductors tﬁaf are cr%gied'ovgrlylng a
silicom isuhsteate, the electromagnetic energy that is created by the
inductor will primarily be lost in the resistive silicon of the underlying
substrate and in the netal lines that are created to formthe inductor.
The quality factor for conmponents differs from the quality that is

associ at ed whthyfj r r r. ¢ nents, th uality factor
serves as a%n%agﬁ%feéﬁa%}%repsgrgﬁlegwo & rglrnecgl%?g%cés(gﬁr’pjt%aglg’uscept ance) of

' istive silicon
o PRIERLEc LD S OO0 OB UGS B ITDy , o
aCtualfa%@@&i§u5§IAQUMNﬂﬂ%%§ %gedg£¥@¥§eﬁ?%?=pgg§£f?|w£§§;§$%&Sighat wil 6

the energy that is stored in the reactive portion of the

component while El is the energy that is lost in the reactive

portion of the component. The gigher the guality of the

component, the closer the resistive value of the compenent

approaches zero while the Q factor of the component approaches

infinity. For inductors that are created overlying a silicon

substrate, the electromagnetic energy that is created by the

inductor will primarily be lost in the resistive silicon of the

underlying substrate and in the metal lines that are created to

“form the inductor. The quality factor for components differs from

the quality that is associated with filters or resonators. For

components, tﬁe quality factor serves as a measure of Lhe purity

of the reactance {or the susceptance} of the component, which can

.be degraded due to the resistive silicon substrate, the

resistance of the metal lines and dielectric losses. In an actual

configuration, there are always some physical resistors that will



di ssi pate power, thereby decreasing the power that can be - 8 JUN 2006
recovered. The quality factor Qis dinensionless. A Qvalue of greater
than 100 is considered very high for discrete inductors that are nounted
on the surface of Printed Circuit Boards. For inductors that f.qrmupaigk of

an int egratiedtei poudt, tfhas@wakueehsing YRiCckkri Bribe-4.ange between about
3 and 10. In creating an inductor on a monolithic substrate on which

addi ti oralovseniicondcqerlidevireesoar @ €f eatethsibhecpar asid i1 caRACi t ances
that occur as part of this creation limt the upper bound of the cut-off
frequenopathat tban beo achiceved dkoedt hery iMductor HskAge CONMENLI:onal silicon
processes. This limtation is, for many applications, not acceptable.
Dependémtatonrthecufretuenaheatsuribeld $hepdiGreiar evituis siesignedto
resonate, significantly larger values of quality factor, such as for

i nst andeds@torsnong; st phetavai hablereddten Aibchas, ithd b sa1hgens!im ted
to creating values of higher quality factors as separate units, and in

i nt egr atyprigal hesen separairgeubet feht dbdire 3 swur egndi ng devi ce functions.
This negates the advantages that can be obtained when using the nonolithic
construction of creating both the inductor and the surrounding devices on
one and the sane sem conductor substrate. The non-nonolithi.c approach

al so has t hendi:sesvary age ihhattaddod i KA MikLAE LSod€AUd eF Lt icn

i nt erconnect the sub-conponents of the assenbly, thereby again
additional semiconductor devices are created, the parasitic
capacitances that occur as part of this creation limit the upper
bound of the cut-off frequency.that can be achieved for the
inductor using conventional silicon processes. This limitation
-is, for many applications, not acceptable. Dependent on the
frequency at which the LC circuit is designed to resonate,
significantly ;arger values of guality factor, such as for
instance 50 or more, must be available. Prior Art has in this
been limited tec creating values of higher guality factors as
separate units, and in integrating these separate units with the
surrounding device functicons. This negates the advantages that
can be obtained when using the monolithic construction of
creating both the inductor and the surrounding devices on one and
the same semiconductor substrate. The ncn-monolithic approach

also has the disadvantage that additional wiring is required to

interconnect the sub-components of the assembly, thereby again



7 - 6 JUN 2006 introducing additional parasitic capacitances and resistive
| osses over the interconnecting wring netmnrgi Fgrt?any of thed
applications of a RF anplifier, such as portable battery powere
aBBIications, power consumption is at a prem um and nust ther&fod &N B¥6as

| ow as possididcangByanat s (e RIWEE SONSHPEIQN . Lhe effects of
parasitic capacfgances and ré?f%ﬁive Boﬁer 0ss can beeﬁé?¥}%ﬁly

onpenspdfths bivert RRE €1 & cdinlickahb,ons, 1 9y G¥ARdLM S -BpPLOAGH, - These
grgglenssfgfg onreven 1gre$ier Srge%cy ajt% thec}aplélexpa% ion of wirel ess

appl i cadprlnisatsbel a8 POLE ablA itrebephones and,fhe kg, Wreless
cggnuniégtio;; is arapidly éﬁﬁanding narketg)mhereet e in éﬁpg?an of RF

i nt egr atrgd iQateWhbs bSwoNefsudpeiBRSEs 4iRerhant ghallenges. One of the
apprgacﬁggji: to s?g%i?icantﬁ; ?néreas% t he #%equgncy of o%eratlon to for

| nstanamdifizdiange 88 14 40 lAG;GHE. For.sush igh freguencies, the val ue

of the quality factor obtained fromsilicon- uctors is

si gni f Aty tdeg) aded. . FAl- PRl 5akhons; d %aﬂgﬁgtﬁhgggfﬁg TR e o

monolithic inductors have been researched usin an — s

! i Lthic i have for
base f Qovldie 1668aLARNLOMANE A1AGUELRL S s UGN pRnelLihi ¢ i nductors
instangg)been created uging asa%phi@% %ﬁ GaAs as a %ase.rThese i nductors

have canwiiderabhy tébRin 903t LabeokOFSemdNAR LASLE, SLLLson, counterparts

(no eddy
: greater urgency with the rapid expansion of wireless
applications, such as portable telephones and the like. Wireless
communications is a rapidly ex;anding market, where the
integration of RF integrated circuits is one of the most

“important challenges. One of the approaches is to significantly
increase the frequency of operation to for instance the range of
10 to 100 GHz. For such high frequencies, the value of the
quality factor obtained from silicon-based inductors is
significantly degraded. For applications in this frequency range,
monolithic inductors have been researched using other than
silicon as the base for the creation of the inductors. Such
monolithic inductors have for instance been created using

. sapphire or GaAs as a base. These inductors have considerably
lower substrate losses than their silicon counterparts {(no eddy

current, hence no loss of electromagnetic energy) and therefore

provide much higher Q inductors. Furthermore, they have lower



current, hence no | oss of electromagnetic energy) and therefore provide
much hi gher Q inductors. Furthernore, they have lower 8 - 6 JUN 2006
parasitic capacitance and therefore provide higher frequency operation
capabilities. Wiere however nore conplex applications are reguidt8dilt he

need Stdaddasexist sat Q. ar.eate . ind using .siljcon as_a substrate. For
t hose a‘SpIaiScati on%% the g%praggcﬁg%?g&u%% gr%gléﬁsél%?’éﬁ%?qucﬁ“ﬁé’r t han

si liconhastPLAVENL .1.Q0 some while for instance GaAs as a
nmedi um for the cr%%ttipiolﬁ%ltgg'sg%gg%ﬁﬁdpu%etvéerr H@%Fc%gmﬁjjse’ésa%lcéttlé?éﬁni cal

hal | ipegds {0 a sgd. Jt .is known that GaAs is a
chal | enge Lhghipegds o e Qﬁi{gﬁ S d 1S Knopn Lha '

sem -insulating naterial at requenci &5 Seredutihg-he Y86t r onagnet i ¢

| osses gitihabnas e 4 NG Ny urface qf. the GaAs_substrate, increasing
the Q val ue of the | ng&gtggr!e'cgggt%aosoenatpl? TERRLOP S ur Pt ¢ PRERASTRAT chi ps

howeve X ive, r ss that can avoid the use of GaAs RF chi ps
t her ef glrsgﬁgf%e}?‘g%ﬁngetgggggi ?&g r g S&i&&ﬁ?a@@? A AR & dPPf er ent

approag used to_ incorpgrate inductors_into a sem conductor
envi r_on%eﬁ%?pgm&?%gﬁﬁqesagﬁ TRFHY U &R e a5 e it BRFRME ef Hud- o0 coabsipat e

| osses toaches has been to sel ective renove (by etching)
t he SPF?(Q:%%P%%H ellr]:ﬁ%%t %8'? he™T ntiictor’ (ugi hgChet fidtis 1ot ifingieq thakchi ni ng)

therEbXeéﬁgD¥$qga%ﬁ&ﬁ%gggg.rféifgiQG%d%n%%gz Egﬁg ngL semi-insulating
material at high frequencies, reducing the electromagnetic losses
that are incurred in the surface of the GaAs substrate,
increasing the Q value of the inductor created on the GalAs

surface. GaAs RF chips however are expensive, a process that can

avoid the use of GaAs RF chips therefore offers the benefit of

.£ost advantage.

A number of different approaches have been used to
incorporate inductors into a semiconductor envirconment without
sacrificing device performance due to substrate losses. Qre of
these approaches has been to selective remove {(by etching) the
silicon underneath the inductor {(Using methods of micro
machining) thereby removing substrate resistive energy loss and
parasitic effects. Another method has been to use multiple layers
oﬁ metal (such as aluminum) interconnects or of copper démascene

interconnects.



parasitic effects. Another nethod has been to use nultiple layers of netal

(such as alum nun) interconnects or of copper damascene interconnects. 9 -

' ' [ i stivi il bstrate
6 JUN 2006 O her approaches have used a high resistivity silicon subs
thereby reducing resistive losses in the silicon substrate. R@sjisit 2808

substrate | axses bPptbgcitdl frace Okebhg nupderdying. substiate forma
dom nant factor |nﬂ3etern1n|ng thSeQ valuggof S|I|con9|néuc Bt s. Furt her,

bi ased swidishavenbeeny RQRASH dRdetneat h, & apistal ,gonductor, this again
ai med é?ﬁireéh0|ng i nductive I%gges in tﬁe surtace oP the suBStrate. A nore

Tsaeicas hat
conpl ex reach Rasibeen 10 2h6ake a0-8LLI1 Ve 4,1 ”d“Ct Livg, COMpe nent  the
SI23|aI%S t he electr%cal properties o? an i nducto 54 qh fpplied in

tive i ] t RPLRASHh. b results i h| h power
28nsunﬁ%¥§ﬁgg3h?hg Ef%ﬁ#ﬁ%éﬁkrﬁdugto?ﬁgngmﬁﬂﬁ&ﬁbﬁgedSeF¥%} “h& is

nacce fc0 h n ions. of these
;pproagﬁggkﬁggegéigﬁgﬁgﬁﬁﬁxgn?gctF&%gggg g% 5%%% Eg qﬂ Y?t@ﬁ?Wy val ue of

t he i ndies n u a,that .is reqU|r d for the
crgatlon g?%e?hgnfﬁgﬁ%?gygﬁﬁﬁg%ﬁ%s%Bﬁﬁg%gggnfjggns|8era?| éiﬁ% this respect

s | {hecheshtommgnelif. aneiay hasendug,la.ddhe elae! Lo Pagé' Cﬁ\ madyced
eddy current in the silicon substrate. en t he geone rens of the
Integr&kﬁ®1€kr§9p£§aéﬁfhas been to create an active inductive component
that simulates the electrical properties of an inductor as it is
applied in active circuitry. This latter approach however
results in high power consumption by the simulated inductor and
in noise performance that is unacceptable for low power, high
frequency applications. All of these approaches have as common
objectives to enhance the quality (Q) value of the inductor and
to reduce the surface area that is required for the creation of
the inductor. the most important consideration in this respect is
the electromagnetic energy loss due to the electromagnetic

induced eddy current in the silicon substrate.

When the geometric dimensions of the Integrated Circuits are
scaled down, the cost per die is decreased while some aspects of
performance are improved. The metal connections which connect the
Integrated Circuit to other circuit or system components become

of relative more importance and have, with the further

1G




scal ed down, the cost per die is decreased while sone aspects of
performance are i nproved. The netal connections which connect the
Integrated GCircuit to other circuit or system conponents becone of
relative nore inportance and have, with the further 10 - 6 JUN- RQDBN 2006

M ni at gk | I : I an~i ncreasingly negative inpact on circuit
perforﬁ%h%ggﬁgﬂgg%g%gg?%?%ecg%éc%ééﬂ%gQ%ﬁ nﬁggig? %%Hﬁgﬁﬂp?ﬁé fBt al

Lt er congecti opis4diarense. uhl ch dearades Lhe cnip performange o

significantly. nost concern in sre

t he po rqund. the RC delay.o the critical  signal paths.
_ Attegprgétggg%%dbe tﬁgHﬁggfg?gﬁcﬁp?ﬁFaﬁﬁﬁ Wélﬁﬁdg?g?ﬁﬁéﬂ YHen&8iPesul t in

nouct B e P he o Pad s e T R C o Shbat Y ot E bSEoFERE. FPnire

i nductor on the surface of a nm con

t echni wher t inductor is created under a |ayer of passivation
Tﬁ?s nggg%? inﬁﬁ?égogﬁogg p 9%?%alxﬁﬁ%§P t?uﬁ%?wﬁéhi¥ﬁéR€r§89%H °f nduct or

and th u e of _t. ubstrate over which the inductgf_ has been created
(typicgf‘?y'E %E%f%%uﬁ%g§6§u %h?és%HE%Wﬂf% FehF GhUCel 'dtt reSra§ABER cPY osses i n

N I i rn . results in reducing the Q value of the
}2§u§;g%$ggf§#%%%g§%?%3@&§ %'%ﬁ%ﬁ%ﬁuﬁ§ bé?&ﬁ@nc?Qﬂgﬁﬁﬁﬂf@tBF 5R85€ he

seni copgugtor surface, the electromagnetic field in the silicon substrate
will he )

Current techniques for building an inductor on the
surface of a semiconductor sub;trate use fine-line techniques
whereby the inductor is created under a layer of passivaticn.
This however implies close physical proximity bhetween the created
inductor and the surface of the substrate over which the inductor
has been creatgd (typically less than 10 um}, resulting in high
electro-magnetic losses in the silicon substrate which in turn
results in reducing the Q value of the inductor. By increasing
-the distance between the inductor and the semiconductor surface,
the electromagnetic field in the silicon substrate will be
reduced in reverse proportion to the distance, the Q wvalue of the
inductor can be increased. By, therefore, creating the inductor
overlying the layer of passivation {by a post passivation
process) and by, in addition, creating the inductor on the

surface of a thick layer of dielectric (such as a polymer) that
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reduced in reverse proportion to the distance, the Q value of the inductor
can be increased. By, therefore, creating the inductor overlying the |ayer
of passivation (by a post passivation process) and by, in addition, '
creating the inductor on the surface of a thick layer of dielgeggnyixms(such

as a po ods! N Ooov%i deposited or adhered qver the surface
lyPaa{:“[oF)f gk 5 %dl% %he o) %hfau 1“6% {r?dﬂ

of a |aye passivati on, va 2the” é¥&F 8&n be increased.

I dditio ' id dthick.netal f the creati f_th
 nuct or > Tg et PR B B B EhEC PRk o deprbegeacen- the

i nventi plies these principles. of post passivation inductor creation
whi | e t%@djﬁtﬁdﬁdt %R’ Pgl%ge‘“éjtged f%ﬁ‘ ihtlﬁi(clﬂe?% erChfthegicéraEL PR cotisiifRy t hi ck
and w dfncmat al s. tHS 5,212, 403( Nakani shi) shows a method of form ng wring
connect TBHE 153t h HRsPAE* Zh! D RSSHAEAPFR &5 whsTHRESubSer RFeceverot Hewchi p)
for a Iojzc)i%i,c circuit deger}gi ng on the length of the wire connections. US

5, 501, OUE{CEHPEN FPFF 1%t TR RiRgRdPLe s ¢ ikt te RASEH vahionnsedetiary | ayer
bet ween, tehae;c i nt egr_i\te circuit (1C) and the wring substrate. A

di stribution Tedd conh2et P Bondi AGEPEYE ©bfe thhe ckCleset hef bondi ng pads
of the éueqtsetcrtarti%. uUs 5,t5.5 907(Jacaobs) discloses an extended integration
semi conductor efr UEHHY e-t et A sheenfiftf L2t urers to integrate

US 5,212,403 {Nakanishi} shows a method of forming wiring
;onnections both inside and outside (in a wiring substrate over

-

the chip) for a logic circuit depending on the length of the wire

connections.

Us 5,501,006 (Gehman, Jr. et al.) shows a structure with an
insulating layer between the integrated circuit {IC) and the
wiring substrate. A distribution lead connects the bonding pads

of the IC to the bonding pads of the substrate.

Us 5,055,307 (Jacocbs) diséloses an extended integration
semiconductor structure that allows manufacturers to integrate
circuitry beyond the chip boundaries by forming a thin film
multi-layer wiring'decal on the support substrate and over the

chip. However, this reference differs from the invention.
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circuitry beyond the chip boundaries by formng a thin film nulti-I|ayer

W ring decal on the support substrate and over the chip. However, this
reference differs fromthe invention. 12 - 8 JUN 2006 US 5, 106, 461 §Vo|fson
et al.) teaches a multi layer interconnect structure of alternatilhg2006

pol yi m de (disekeghgi al..layers_over an IC in a TAB structure. US
5, 635, 767 (V\énzelgéetlpéalas tlggg e%tag%/ﬁe{ ci—jc:?1 Feﬁﬁ%khg?aﬁf del ay by a PBGA

t hat g t US 5, 686,.764 (Fyl ch h fl
chip SubCraretha é@%‘é PR THEF B B LupaRARRG (M Pornane 0 |

traces.,W3:6;9 0 rd et al shows a helix inductor using two
met al mzieyers cgﬁﬁgé-c%ée( By \}lgas ?JST% B 37 g Esundaram et al .) discl ose a

helix inductor. US 5 '576,680 (Ling) and US 5, 884,990 (Burghartz et al.)
show other helix inductor designs. SUMVARY OF THE INVENTION It is the
primary objective of the present invention to inprove the RF performance
of High Performance Integrated Circuits. 13 6 JUN 2006 Another objective

of the pre59§t5|£@@”HdTDQWE%zE9 QEOgide Teaches a metheod

for reducing

RC delay by a PBGA that separates multiple metal layers.

US 5,686,764 (Fulcher) shows a flip chip substrate that

reduces RC delay by separating the power and 1/0 traces.

US 6,008,102 (Alford et al.) shows a helix inductor using

two metal layers connected by vias.
Us 5,372,967 (Sundaram et al.) disclose a helix inductor.

U3 5 '576,680 (Ling) and US 5,884,990 {Burghartz et al.) show

other helix inductor designs.
SUMMARY OF THE INVENTION

It is the primary objective of the present invention to

improve the RF performance of High Performance Integrated

Circuits.
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nmet hod for the creation of a high-Qinductor. Another objective of the
present invention is to replace the GaAs chip with a silicon chip as a
base on which a high-Q inductor is created. Yet another objective of the
present invention is to extend the frequency range of the inducBodUNARE is

created on thetnsur bagecoivad i ldfkon SURSET %@enéitﬁﬂ- S Y&k ?98%;[‘(% Qbj ective
of the invention to create high quality passive electrical conponents

over | yimgcidie s kacecpbadiodidd oM gLt EALig. Jhe above referenced

continuation-in-part application adds, in a post passivation processing
sequence, a thick layer of dielectric over a |ayer of passivation and
| ayers of wide and thick netal lines on top of the thick |ayer of

“dielectric. - b v ion s.t@e above referenced
cgntinuatioégﬁﬁPegg?§§§E%ﬁ?%éf?gﬁg%fgéﬁgggdf?|%ﬂF%ﬁPeéflﬁﬁ hPgheGudiis y

electrigals 6Q nepts, ijnducior, a capacitor or resistOr,_on
a |ayer of pagggvgﬁionsggﬁ%ﬁp?ﬁgggﬁgfgcég% %Ptﬁuﬁﬁ% Fa&é? of dielectric.

| n addi fdfbeothespPreegssq of the invention provides a 14 6 JUN 2006 method
for nounting discrete passive electrical conponents at a significant

di stance renoved fromthe underlying silicon surface. BRI EF DESCRI PTI ON OF
THE DRAW NGS

Yet another objective of the present invention is to extend
the frequency range of the inductor that is created on the

surface of a silicon substrate.

It is yet another objective of the invention to create high

quality passive electrical components overlying the surface of a

silicon substrate.

The above referenced continuation-in-part application adds,
in a post passivation processing sequence, a thick layer of
dielectric over a layer of passivation and layers of wide and
thick metal lines on top of the thick layer of dielectric. The
present invention extends the above referenced continuation—in-
part application by in addition creating high quality electrical
components, such as an inductor, a capacitor or a resistor, on a
lgyer of passivation or on the surface of a thick layer of

dielectric. In additicn, the process of the ‘invention provides a

14



Fig. 1 shows a cross section of the interconnection schene of the
referenced continuation-in-part application invention. Fig. 2 shows a cross
section of an extension of the referenced continuation-in-part . gppjj ok on
‘whereby an inductor has been created on the surface of a thick layer of

pol yi mfleshdd Gor3msNAWSnE d0R. Wk Geié&gggf¥é£ih%gmkgngﬁfgi§p follow ng
the process of the invention. Fig. 4 shows a cross section of a sibstrate

and { hes; qiterlkhRgak syense amdaduclon bas Beencreat ed, onothe, surlace of
the thick | ayer of polyimde, a layer o erromagneti ¢ naterial ~has been
added to further insulate the inductor fromthe underlying silicon
substrate. Fig. 5a shows a cross section of a sinplified version of the

substrate and the | avgssed Nt Ar@rGbRabedral G guface of the 15 - B JUN

2006 substrate under the processes of the reterenced continuation-in part
application. Fig. 5b shows the cross section of Fig. Sa where an inductor

Caction of A Sibotr ATE oh ThESArFase o W dR A hgReer Lol H T Byer of

section pf a substrape on e surface i C epo
passi vadd Qe @e@@@@ﬁbé@rcgﬁﬁinug%§GHg5§§£g§k() gﬂyéa%ggfaggvgétlhe | ayer of

. T . On.
passivation. Fig. 6b shows a three di nension Vi ew of an Tnductor that
Fig. 2 shows a cross section of an extension of the

referenced continvation-in-part application whereby an inductor

has been created on the surface of a thick layer of polyimide.

Fig. 3 shows a top view of an inductor that is created

following the process of the invention.

Fig. 4 éhbws a cross section of a substrate and the
overlying layers, an indugtor has been created on the surface of
‘the thick layer of polyimide, a layer of ferromagnetic material
‘has been added to further insulate the inductor from the

underlying silicon substrate.

Fig. 5a shows a cross section of a simplified version of the

. substrate and the layers that are created on the surface of the

15



has been created on the surface of a |l ayer of passivation by creating vias
in a thick layer of polynmer. Fig. 6¢c shows a three-di nensional view of an
i nductor that has been created in a thick layer of polynmer that has been
deposited on the surface of a thick |layer of polyimde. Fig. 7.shgus B06
Cross sg&gg’to&t%f u%dggbgzt}rate on the urEace of which has been deposited a
| ayer of passivation over wni T E> Ofi ER® BFETT TFCS5oIoPhi 882 R0 Heen
depositeéjrta C?Lpacittor has been created on the surface of the thick |ayer
of pol Yt dePPI6“*“8°JUN 2006 Fig. 8 shows a cross section of a substrate
on the surface of which has deposited a | ayer of passivation, a resistor
has been created on the surface of the |ayer of passivation. Fig. 9 shows
a Cross sectg’ion %L ahsubsi_'frate on the surface of which has deposited a
| ayer of passiVatioR oVer hiTirss CREEkS™ QY eFiDf S0l VrREden hikdwdeT
deposi ted, .a resi.stor_has been created on the surface of the thick | ayer of
poloyi e B aféegh%k\)/\%vea tg}eosléayéeécf)ifoﬂa%?l‘é?tsliqq'con substrate on the
surface of which a discrete electrical conponent has been nounted, contact
ball s are used whereby the di stance between the substrate and the

of a significant value a thick | ayer of polyimde

el ectrical ctgrgpo%gng igs f a sid ¢ ,
has been used’ Fig. 11" sHbWe % % PESE 8Bt oh DIPSL TSR EBn“REbSHTEE on the
of which has deposited a layer of passivation, & capacitor has

been created on the surface of the layer of passivation.

Fig. 6b shows a three dimensional view of an inductor that
has been created on the surface of a layer of passivation by

creating vias in a thick layer of polymer.

Fig. 6c shows a three-dimensional view of an inductor that
has been created in a thick layer of polymer that has been

deposited on the surface of a thick layer of polyimide.

Fig. 7 shows a cross section of a substrate on the surface
-of which has been deposited a layer of passivation over which a
thick layer of polyimide has been deposited, a capacitor has been

created on the surface of the thick layer of polyimide.
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surface of which a discrete electrical conponent has been nounted, thick

contact balls are used whereby the distance between the substrate and the
el ectrical conponent is of a significant value, no |ayer of polyinde has
been used. 17 8 JUN 2006 DESCRI PTI ON OF THE PREFERRED ENMBODI MVENT3UNH7806

referenced @@Qtiguggg§grglEtgggtSgggkggaéicg1§d%%%ng§eag Integrated Grcuit
an P 1aye

structure where re-distribution i nterconnéct “nmet a Y &€ created

in layeys 8t g gl eciLid &+ h fage of .a conventional IC _A layer of
passivation is depoé%%g'Qﬁb%r§?ﬁ§£d$gl%% %ﬁﬂgiﬁpnfh% Fe T stri%dti on and

i nterceppgction. hptal Javer thick layer of polyner is deposited over
the surface of the layer %ﬁ§g§§gi3gt?%%é¥ ﬁaePftﬁggst%Eﬁﬁ%'invention, a

hi gh-quality electrical conponent is created on the surface of the thick
| ayer of polyner. The invention addresses, anong others, the creation of an

| nductor Whetgbys tig, BITNASLs ol 8.0 ofeating g inductor, of high  Q value

on the surface of a sem conductor "su and ‘pF6cedur es

t hat ar L L K {1 r or the_creation of sem conductor devices.
The hi gk Maar () o T EeRue SFVST Tha T TBNE PBnoSHT Ve Tor Ehéctse o

this i of ¢l L.gh fr enc licatjons while incurring mninmmloss
of powgggg%héfiékigégaﬁ$ %gérg é? é%ﬁh%%ﬁﬁ§§ fh&eer 8ae¥ oif D% capaci t or and

a resi gL 08 on the surface of the thick layer of prolyimide.

Fig. 10 shows a cross section of a silicon substrate on the
surface of which a discrete electrical component has been
mounted, contact balls are used whereby the distance between the
stbstrate and the electrical component is of a significant value,

a thick layer of polyimide has been used.

Fig. 11 shows a cross section of a silicen substrate on the
surface of which a discﬁete electrical component has been
mounted, thick contact balls are used whereby the distance
between the substrate and the electrical component is of a

significant value, no layer of polyvimide has been used.
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the surface of a silicon substrate whereby the main objective (of the
process of creating a capacitor and resistor) is to reduce parasitics that
are typically incurred by these conponents in the underlying silicon
substrate. 18 - 6 JUN 2006 Referring now nore specifically t@ @008

there is shown a Cr9§§C§*¥4fdﬁ"09fTQEEP%@@#§ﬁ§p%%%h§SM°f the referenced

application. The surface of silicon su . . Békn provided with
‘transistors and other devices (not shown in Fig. 1). The surface of _
substrate 10 is covered by a dielectric layer 12, layer 12 of dielectric

; i i t hat have been provided in the
I's therEfOrQ&Qﬁ9%§EE@HCQHeéo%#ﬁ%ua@%%hg§§z&%£k %Q§i é%éﬁﬂdﬁ%??Q&f an

surface of the substrate and over Fa

i nt er copest, Jdes e ided,inside |layer 12 that connect to the
seniconductgﬁtegegﬁéégﬁéh%% (g¥%%bggﬁr%r8%f%b FPUAeRsEPface of substrate

10. La I e _shown epresent all of the netal layers
~and digﬁg%?%#?%%ggegéét 5§%§%% f%ﬁigg%?ée réated on °f ot efethe Wil ectri c

I | ayers.14t wn ip Fig, 1 may therefore contain nultiple
Iggg:sL%FadieI%%Fr§g %?éoﬁgéiﬁﬁgﬁaén&ghdAt%ﬁ?ﬁﬁIé&,p@Bﬁaﬁ%f?%%:F%terconnect

| i nes Jke up e.net f.;electrical connections that are created
througﬁ%ﬁt ?gge?gE?4Fg%Ner]§¥%§l§n %o%h?h%as f-ad PBFOPaVE{s_14 are points
16 of elAeidotb 9Bk afttaiTNESR RO 0t 81 16, o, gl ectricpl contact

deposited over the surface of the layer of passivation. Under the

present invention, a high-quality electrical component is created

on the surface of the thick layer of polymer.

The invention addresses, among others, the creation of an
inductor whereby the emphasis is on creating an inductor of nigh
Q value on thersurface of a semiconductor substrate using methods
and procedures that are well know in the art for the creation'of
semiconductor devices. The high quality of the inductor of the
invention allows for the use of this inductor in high frequency
applications while incurring minimum loss of power. The invention
further addresses the creation of a capacitor and a resistor on
the surface of a silicon substrate whereby the main objective (of
fhe process of creating a capacitor and resistor) is to reduce
parasitics that are typically incurred by these components in the

underlying silicon substrate.
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can for instance be bond pads that establish the electrical interconnects
to the transistors and other devices that have been provided in the
surface of the substrate 10. These points of contact 16 are points of
interconnect within the I C arrangenent that need to be further &cdbN&8ifed

di ircuitry. A 19 -& JUN 2006 passivation |ayer 18, forned of
for oxamml o erEF bR, ‘%’i% ° isé’eC&ébB@H%dt%\%elﬂ't He §OFFaces ofhawayér 14 to

for exanple SificoAZni?t
protect_ underlyin | ayers from noi sture, contam nation, etc. The key steps
of the Carlg’c?\?eSFéFéggn%gaméep&“ip&&f“reBﬁaBé@? ehithe sehergapsdi t; oln of a1t8 hi ck
| 20 af, Lyimgde that is deposited over the surface o ayer
Aggg;s %ﬁﬁ%%#%glépov?%%cfﬁﬁfﬁﬁﬁ ﬁFg56%1%?%c§¥9%ﬁﬂaﬁﬁoﬁpaéﬁs1%$eﬁcN.t!ﬂ s reason
a pattern of apenings 22, 36 and 38 is etched through the polyinde |ayer
20 and Fﬁ%’e"l‘i&§s¥i‘-5‘gt?6?flﬁiav&r318?dt Rebpatderitest (8penphgsn2m 38-and 38
aligns with the pattern of electrical contact points 16. Contact points 16
are, by 'redns F ?ﬁ%edﬁ%ﬁ?ﬁﬁgrﬁﬁf3é?3ﬁstT&He bdréa?éﬁle$?ﬁ%%éiﬁﬁyﬁr 20 of
lyim.de, .el ectrically extended to the surface of |ayer 20. The above
ngglrrennlc%éd lﬁﬁ?ér%lo% h%lte%ie§t6§"€dlFth?ﬁ%fo%ﬁj&ﬁo_tsiléﬁdon?ﬁy‘éTe 20I s
ol yimde,. the erial .that can.he used for this layer is not limted to
Bolyirﬁé%¥1555 Eg%Ec%&ﬁ%ﬂ9$enaﬁ§oﬁfg?ﬂel%h%ﬁﬁ]ﬁﬂﬂ;ﬁﬁﬁr§f(§$%]?¥§5PIaFﬁe
Indlca%%% %%£¥Ighgesé§%trate 10. Conductive interccnnect lines 11 are

provided inside layer 12 that connect to the semiconductor

devices that have been provided in the surface of substrate 10.

Layers 14 {(two examples are shown) represent all of the
metal layers and dielectric layers that are typically created on
top of the dielectric layer 12, layers 14 that are shown in
Fig. 1 may therefore contain multiple layers of dielectric or
insulation and the like, conductive interconnect lines 13 make up
the network of electrical connections that are created throughout
layers 14. Overlying and on the surface of layers 14 are points

- 16 of electrical contact. These points 16 of electrical contact
can for instance be bond pads that establish the electrical
interconnects to the transistors and other devices that have been
provided in the surface of the substrate 10. These points of
contact 16 are points of interconnect within the IC arrangement

that need to be further connected to surrounding circuitry. A
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the preferred material to be used for the processes of the invention for
the thick |ayer 20 of polyner. Exanples of polyners that can be used are
silicons, carbons, fluoride, chlorides, oxygens, parylene or .teflon,

pol ycarbonate (PC) , polysterene (PS), polyoxide (PO, poly pofcdhi deo

PPO) , | t.ene CB).. 20,6 2006 Electrical contact with the
((:ont Zictpgglg%?ésl&logpgf ﬁoévgbe}%lg?ea%ﬁf;#g& B3RP i Tt t IR SpéniAgs 23/ 36/ 38

with a ive material. _The t surfaces 24 of these metal conductors
that ar ggg(g%ﬁ%%lnoev g tﬁ%gpgﬁf ys” WEE LAntRoW Dt Us e sl vébsinect i on of
the IC i vi ronnent, and for. further integration into the -
surrounglg%g%l%g?ﬁr im(?é{g%gf:?bu??rﬁ%m’ﬂﬁtsw%t fEF-statenent is the same as
sayi ng the sem conductor devices that have been provided in the surface of-
substrate 10 can, via the conductive interconnects contained in openings
22/ 36/ 38, benfurther connegtgd tq:rsurroundi ng conponents and circuitry.

I nt erconnect ™ pads 26 Rnd° 284t GG LERCT 0P GFPRIIFEdEs PaISE wHE net al
i ntercoppects cantai neg in Oﬁeni ngs 22, 36 and 38. These pads 26 and 28
can be 6fCanPUeSGR Ph i BEHCanEN ChnessPeby Hrkbmidddt 65 dppesfied
circuit_design rs%ggi‘rerregti A pad can, for instance, be wused as a flip
chip pal. O her PadeEaR® be? (ed FofFEREr U ste imfiRviskcorcagodnigy ound or
si gnal QPSelg_ féyll8@%9gctgﬂan%%£!%%iscggésggraIgggégygebfbgpggffgéo the

pads shown Tn Fig.

: 22, 36 and 38 is etched through the polyimide layex 20 and the
passivation layer 18, the pattern of openings 22, 36 and 38§
aligns with the pattern of electrical contact points 16. Contact

points 16 are, by means of the openings 22/36/38§ that are created

in the layer 20 of polyimide, electrically extended to the

surface of layer 20.

The above referenced material that is used for the
deposition of layer 20 is polyimide, the material that can be
used for this laver is not limited to polyimide but can contain
any of the known polymers (SiClxOy). The indicated polyimide is
the preferred material to be used for the processes of the
invention for the thick layer 20 of polymer. Examples of polymers
that can be used are silicons, carbons, fluoride, chlorides,
oxygens, parylene or teflon, polycarbonate {PC), polysterene {PS},

~polyoxide (PO), poly polooxide (PPO}, benzocyclobutene (BCB).
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: 26 can serve as a flip chip pad, pad 28 can serve as a flip chip
éadpg? can be connected to electrical power or to electrical ground or to
an el ectrical signal bus. There is no connection between the size of the
pads shown in Fig. 1 and the suggested possible electrical connections for
which this pad can be used. Pad size and the standard rules agdyyn 205
restrictions of 21 - 8 JUN 2006 electrical circuit design determne the

i cal connact;ions [ a given pad lends itself. The follow ng
ggﬁgéalgarefate tdx%ﬁec§§%%¥gn§9? égﬁhﬁﬁ@ a6F PYHETorit &6 peFnbe 16, Fig.

| 16 I on top of a thin dielectric
1TaBS$ag§fb%$§§§T§Qﬁiggﬁéggg2%@%‘%ﬁﬁﬁ%@sbgg?égg?%ﬂﬁﬁ*éPn&@nguFéFﬁ% pad size
b ’ ' n.addition, a large pad size wll

brings M&E&ldlt afhleag:g?i ggp@&éé%l £ flé:fleﬁﬁa?etf%‘.‘g/eqondifu 5| thef arxg

<
interfere with the r ng capa ity

.ed jze of the pad 16 relatively snall. The
Si'ze of gtk 60 S ThoRBUCT o8I Lo By PaFaPeq™ Y Fox RevasHBERh et o of

vi as 22{13@./13@'td6‘r1t%5 Qﬁggﬁgﬁ%&‘?t Ofanaip%?r;tlrl P%gbegcmcept aﬁgli}?.f)];:igggfzgethe

consideration of via etching and Vvia _
consi degatiQninNe18L28; 0f, the gant act Egg%tf6 can be in the order of 0.5

umto 30 um the exact size being  depe “On"the "PFERRAESSS oF e ayers 18

and 20. sdhe 4:1:68RGCEn aPRLALAIIRN 425800kl oSS 13, fLLation on
in the surface of substrate 10 can, via the conductive
interconnects contained in openings 22/36/38, be further
connected to surrounding compénents and circuitry. Interconnect
pads 26 and 28 are formed on top of éurfaces 24 of the metal
interconnecté contained in openings 22, 36 and 38. These pads 26
and 28 can be of any design in width and thickness to accommodate
Sspecific circqit design requirements. A pad can, for instance, be
used as a flip chip pad. Other pads can be used for power
distribution or as a ground or signal bus. The following
connections can, for instance, be made to the pads shown in Fig.
i: pad 26 can serve as a flip chip pad, pad 28 can serve as a
flip chip pad or can be connected to electrical power or to
electrical ground or to an electrical signal bus. There is no
connection between the size of the pads shown in Fig. 1 and the

suggested possible.electrical connections for which this pad can

be used. Pad size and the standard rules and restrictions of
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t he nunber of contact pads that can be included in the design, this nunber
i's dependent on package design requirenents. Layer 18 in Fig. 1 can be a
typi cal |1 C passivation |layer. The nobst frequently used passivation |layer in
the present state of the art is plasma enhanced CVD (PECVD) oxi®&&Udndle2
-6 JUN 2Q06 nitride In creating layer 18 of passivation, a |ayer of

appr oxi mat e ycégzgﬁﬁFxgEé%ﬁlg?igg %gﬂl%%135b5§@F§61Fﬁ¥s?OWQﬁQW%HQQ thy a

| ayer qfy,;@ppProxi el .fum, nitride. Passivation |layer 18 is very
jnportanf‘begaéggg%tp%%gfgbSleEERBEVice waf er from noisture and foreign
ion contam nation. The positioning of this [|ayer between the sub-mcron
process (of the integrated circuit) and the tens-mcron process (of the

i nterconnect i,ng Pgifédfﬁéﬂ an st%uctu%igﬁis of critical inportance since it

allows for a cheaper process that™p Bi% Hhgs Steesa’d rilifyemmberead room

requir n t he. nrocess of creating the interconnecting netalization
struct ﬁt?% E%B;f?g‘%t ojirgcsaﬁ?’lsﬁi g%gpo{yn%‘?c%seq EOEPRCCPRAYRGE (Fumtexafpl e

pol yi m_de) ave .a thickness in excess of 2 um (after curing). The.
range Of %tﬁégg%?gn%ﬁ 5 gﬁngsgﬁﬁﬁnd SEYGm(3akRt 1o BB0 dy tdependent on

'electr5%@|SQ§§i9§#£§@HJr%nenas' For. the deposition of layer 20 the

Hi tachi - Dupont pol yi i de —HD 2732 DNy 34 T@LHe Pof ek nggevised. The
po'Y'”ﬁQeaC§QrQ§ capacitance. In addition, a large pad size will

interfere with the routing capability of that layer of metal. It
is therefore preferred to keep the size of the pad 16 relatively
small. The size of pad 16 is however also directly related with
the aspect ratio of wvias 22/36/38. An aspect ratio of about 5 is
acceptable for the consideration of via etching and via filling.
Based on these considerations, the size of the contact pad 16 can

be in the order of 0.5 um to 30 um, the exact size being

dependent on the thickness of layers 18 and 20.

The referenced application does not impose a limitation on
‘the number of contact pads that can be included in the design,
this number is dependent on package design reguirements. Layer 18

in Fig. 1 can be a typical IC passivation layer.

The most frequently used passivation layer in the present

state of the art is plasma enhanced CVD {PECVD} oxide and
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. . . o i1l be
spin-on coated and cured. After spin-on coating, the polyimde wi

cgred at 400 degrees C. for 1 hour in a vacuumor nitrogen anbient. For

thi cker polyimde, the polyimde filmcan be multiple coated and cured. 23
- 6 JUN 2006 Another material that can be used to create | ayers 20Ni286t he

1y
| ymernienzecy ahobut £0e, )er TR gfp Ly at this ti commer ci a
B?oéucerclj by fo?/ i nst ance %ov%%éﬁem cal g lornécent Iagf 6a? ed accept ance

oL o B e e T

openi ngs 22, 36 and 38 have previous SCUssS

t her t i gl ectric, thickness determ ne the aspect
£2$| gpga;y fmﬁétag’ggn:aﬁgawﬁr%én%?gégt %rgt %% ch tﬁleo{(nges atsﬁév§Fé°1ét]ca}1\’edi' (}@ess and

I i i_ameter for eni ngs
22136198 17 he F angarof SoorSxi hmrel 0 b U 158 R Ene hel ght for

h pr.oxi mat el 150 um
‘?’Egnggg?cl%%/rugt@{ %gg?%%ﬁ%dngghzgf%g%ggnﬁl&g'eg?’gn Sl%ﬁnﬂﬁ%to’?ﬁ%%sng of the

e e v e filled with CVD net al
Lo he R BB e A L o e I PR R st e it

damascens mBkakohlLhiGPLOCess. WEN:EL ef”%p' ablng,; Copps tall(?zta%iolhe
referenced application can be turt extende B}r/‘

structure) is of critical importance since it allows for a
cheaper process that possibly has less stringent clean room

requirements for the process of creating the interconnecting

metalization structure.

Layer 20 is a thick polymer dielectric layer (for example

polyimide) that have a thickness in excess of 2 um {(after
curing) . The.range of the polymer thickness can vary from 2 um.

to 150 um, dependent on electrical design requirements.

For the deposition of layer 20 the Hitachi-Dupont polyimide
HD 2732 or 2734 can, for example, be usesd. The polyimide can be
spin-on coated and cured. After spin-on coating, the pelyimide
will be cured at 400 degrees C. for 1 hour in a vacuum or

nitrogen ambient. For thicker polyimide, the polyimide film can

be multiple coated and cured.
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! i i m her ef ore
applying multiple | ayers of polymer (such as polyimde) and can t
bgpaéap?ed to a larger variety of applications- The function of the
structure that has been described in Fig. 1 can be further extendedzgg
depositing a second | ayer of polyinide on 24 -8 JUN 2006 top b Xie20

i ly d i .2 nd overl ayi ng the pads 26 and 28. Selec;ive
gigx:ggsa%d %@?g%gggg%%%ﬁfghqggﬁ Fﬁ?t%%rys%féﬁi8r§88Ft%%ﬁ%ﬁ Torttadt epoi nt s

th f I o] ol yi m de phat can be interconnected
aﬁth Sa%gilggﬁn nz%§§c%§%?€ld%aﬁ%ﬁgyeﬁgggfg%ﬁ%??ﬁﬁ&eﬁ&n&hﬂﬁﬁf%%?reon e
e ot AGt tom zed to ticular application
?LS?L:?%% exfg%gﬁ%ﬁggfgﬁg??ﬁD gﬁféfgfgagfepo?yi Eﬁ8§a3r53 | Y25 enhances t he

Chi Li h f d continuation-in-part
fl eX'b'iéééhﬁﬁydg%%ggﬁlQ@éépégnée & d &LCLE0 S%?ﬁ%ﬁﬁg S

application Fig. 1 shows a basic design-a t-HB Féter enced

contin | Ol ddr . j,cation. This advantage allows for the sub-mcron
or_fing§§%%€gfﬂiﬁggﬁﬁgﬁp%%&ihe i mredi ate vicinity of  the netal |ayers 14

and the contact points 16, to be extended in an upward direction 30
through netal interconnect 36, this extension continues in the direction

i het : | iLnter nect 28 and conmes back
doun i n the Cnmane e PR G B LS 8 B e cRRRELR S8, The

rungﬁiCﬁgéﬁﬂaisc%@eéafuﬁﬂé &ﬁmé&yioRa%§i¥€%iégéﬁfigeEo%§tﬁQQ &Iﬁ%iggg“ ating
a .
e dielectric thickness determine the aspect ratio of the opening.

The aspect ratio challenges the via etch process and the metal

filling capability. This leads to a diameter for openings

 22/36/38 in the range of approximately 0.5 um. to 30 um. the

height for openings 22/36/38 can be in the range of approximately

2 um. to 150 um. The aspect ratioc of openings 22/36/38 is

designed Suchrthat filling of the via with metal can be

accomplished. The via can be filled with CVD metal such as CVD

tungsten or CVD copper, with electro-less nickel, with a

damascene metal filling process, with electroplating copper, etc.

The referenced application can be Ffurther extended by
applying multiple layers of polymer (such as polvimide) and can
Itherefore be adapted to a larger variety of applications. The
function of the structure that has been described in Fig. 1 can

be further extended by depositing a second layer of polyimide on
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20 remain as previously highlighted. This basic design advantage of the
invention is to "elevate"” or "fan-out" the fine-line interconnects and to
renove these interconnects fromthe mcro and sub-micro level to a netal
interconnect |level that has considerably |arger dinensions and gHkt2006
therefore has t%rgal Ire%.25 - 6, JUN.2006_ resistance and _capacitance and is
easi er and more cost PRy R EREndR BT 1. A0thicy c&4 BB RT ok he ads
~refere éeda aao%i c%t' on, does _ nat include any aspect of conducting |ine
re-distfiButi én "and S thereftre fids 28f PrRfRt iftPaudrirey cer Sprprai ty. |t
t herefo urther .adds to the inportance of the referenced application in
t hat ité%a %‘s a%r&?}% “%cfj SR PSP Ry HeTereifBicg &€ AP #re@md  t hi ck
net al lfa\éfér O‘Ehflgo'%n erco ectti ons. 20, 36 and 38 ,interconnect the

I~ “metaF “by  Goi ng tp tHPoli§h* Pher paeEiaFEC b tAnBa98Il 3Aernor
pol yi m diel ric,lavers ontinuing over a distance on the w de and
t hi ck rr%f‘m AiErohey B g ng° yl‘aé‘ége&mﬁ 4o CORFERB GFeRbathd t hi ck
metal | a down to the fine-nmetal |evel by again_passing down ‘
t hr ough&t eégct&pggglsvg 2 on acnufecﬁ’g‘llﬁﬁgr “8r 2 RAVivdeTdrBPeEER FEO-aydes. The

ext ensi that, are in.this manner acconplished need not to be limted to
ext endi ng Tclanéa-drréaf(g nf’h?rérocfoﬁwg&lpb& ﬁ?ggrl%ctﬁ PEAYIMpEREi ekl ype, such

as si |.._or__power round, with wide and thick netal |ine 26 and 28.
" The | g.\l;\%ho Cbeﬁsy\séﬁgsgg%’glbelﬁelgiyr GRflcgsefulness of the referenced

a0
D

fine-lev

continuation-in-part application.

Fig. 1 shows a basic design advantage of the referenced
continuation-in-part application. This advantage allows for the
sub-micron or fine-lines, that run in the immediate vicinity of
the metal layers 14 and the contact points 16, to be extended in
an upward direption 30 through metal interconnect 36, this
extension continues in the direction 32 in the horizontal plane
of the metal interconnect 28 and comes back down in the downward
direction 34 through metal interconnect 38. The functions and
constructs of the passivation layer lé and the insulating layer
20 remain as previously highlighted. This basic design advantage
of the invention is to “elevate” or “fan-out” the fine—line
interconnects and to remove these interconnects from the micro
and sub-micro level to a metal interconnect level that has

considerably larger dimensions and that -therefore has smaller
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: . . . . . t can by
will inmpose limtations, if any, as to what type of interconnect

est abl im;hed in this manner, limting factors will be the conventional
electrical limting factors of resistance, ~ propagation delay, RC constants
and others. Were the referenced application is of inportance-igsjlithaist he

ref er ensesh contdenuati opal e niard ApPhLoalion, provides mich broader latitude
in being able to apply these laws and, In S0 doing, p id

i U ende c of the a !.ication and use of
fﬁ?253§§§%%%5F?§é'gﬁnﬁp€%es aﬁap{agt ?8% ggs? ee%(:eedgia Cuite€ t8" %% e and

: . s ¢ of
i ck nedali el - the basj.c interconnect aspec
E E;c r ef e?elnncfgﬂgoﬁ??ﬁﬂg%?ﬁn%fn-%gzlptg\égﬁggr%g?? on cdzi"r? tfrl]%)flﬁé?n b%]“é ext ended

. . . he
t RNt akNYeni i only. el ev et.e_fI!n netal tot
glngﬁre o?eetjﬁre Wi dgaanﬁﬁt%iﬁk%ﬁt Elqal%ut £/tcéga %‘%gllé:cfgyan in kﬁ%f%’?o%“h t he

kCkol ri f ol.yi m de Teinucto.iscreatedin_a
;Fgagcﬁ]ﬁtﬁéslesg?gl Fgl @yﬁn ltnﬁﬁrﬁgnggr ?gcg&%fr%%%eglu egit raBPél?[@tJV/\ﬂeréby this

i - . 10 by the
| ane howavar: ni%eSeRAEAS athd LQELLAE, SURf Ace. of, the substrate
Eonbi ned hei gﬁt s of | ayers 12, 14, ig anJ]gZ%fccﬁsgs. © sﬁ%v\% - G

secti Onréi(iOhekie L OAIL! ofnd akeR LBAA.PLAGS, LIA! e perpendi cular _to the
surface of substrate 10. The vm%e and thrck ret'al” “wi I'sqo contribute to
a redUQﬁﬁﬁﬂxﬁ%ﬂEh@ fﬁ@iﬁgﬂéuie%@§rﬂgt£9%§?%kﬁng up through the
passivation aﬁd.polymer or polyimide dielectric lavers,
continuing over a distance on the wide and thick metal level and
continuing by descending from‘Lhe wide and thick metal level back
down to the fine-metal level by again passing down through the
passivation and polymer or polyimide dielectric layers. The
extensions that are in this manner accomplished need not to be
limited to extending fine-metal interconnect points 16 of any
particular type, such as signal or power or ground, with wide and
thick metal line 26 and 28. The laws of physics and elecfronics
will impose limitations, if any, as to what type of interconnect
can by established in this manner, limiting faétors will be the
conventional electrical limiting factors of resistance,
propagation delay, RC constants and others. Where the referenced
application is of importance is that the referenced continuation-—

in-part application provides much broader latitude in being able

to apply these laws and, in so doing, provides a considerably
. ) N
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Furthernore, the lowresistivity netal, such as gold, silver and copper,
can be applied using electroplating, the thickness can be about 20 um
Fig. 3 shows a top view of the inductor 42 that has been creatgd on h?e
surface of layer 20 of dielectric. The cross section that is's ol 70 Fi g.

2 of the, ] ctor 40 has_been taken along the line 2-2' of Fig. 3. The
met hod gé%%g#%% HEcP afg%wﬁeﬁi%??ﬁﬁﬂQ 28661°8f ot We i9vdaéersr C4pcusles

convent | |, met hods.of netal, such as gold, copper and the I|ike,
deposit%gﬁagyaérg%gﬁngﬁt?%thﬁS?nﬁ%£CUlgﬁuFPe? Pt essedhiFkgnesashows a

top vie f_inductor 44 whereby the inductor has been further isolated
_fron1th§£§h??g%%ﬁ6f the substrate 10 by the addition of |ayer 44 of

ferromagnetic material. Openings are created in |layer 44 of ferromagnetic
material for the conductors 34 and 38, the |layer 44 is deposited using

conventi onal ..aret ho thi ckness that can be experinentally determ ned
P Poaheuh ni Ig)éarst]icalllr’?eﬁ‘éﬁ’é’ﬁ%‘éﬁtas@ﬁCtttht ypes of

and that is influénced by an
nateria{gfe}gg%%d?@gnEPg é@ickness of the_layers that are used overlying the

ferromagnetic material (such as [Fayer BB} Fol et darF8R" 0Pt he

he. 1 or taragnet I EoPay 6P A TYRedrTs "EAPBNER Mhfercriie SLSHFaCEf | ayer 18

such th@fnéjﬁééaﬁdggtgﬂeAéﬁéﬁé qg§1ﬁ¥ézaiggdand thick metal bhut to also
add an inductor on the surface of the thick layer 20 of
polyimide. The inductor is created in a plane that is parallel
with the surface of the substr;te 10 whereby this plane however
is separated from the surface of the substrate 10 by the combined
heights of layers 12, 14, 18, and 20. Fig. 2 shows a cross
section 40 of the inductor taken in a plane that is perpendicular
to the sqrfacerof substrate 10. The wide and thick metal will
also contribute to a reduction of the resistive energy losses.
Furthermore, the low resistivity metal, such as gold, silver and

copper, can be applied using electroplating, the thickness can be

about 20 um.

Fig. 3 shows a top view of the inductor 42 that has been
created on the surface of layer 20 of dielectric. The cross
sgction that is shown in Fig. 2 of the inductor 40 has been taken

along the line 2-2" of Fig. 3. The method used for the creation
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' ' ded
overlays the layer 44, the surface area of layer 44 can be exten
slightry beyondythese boundaries to further inprove shielding the surface
of substrate 10 fromthe electromagnetic field of the |nducto[ 42 (Fﬁ%'
3). Fig. 5a shows, for reasons of clarity, a sinplified cross ~$edih @¥bof

f the
t he subst rate e that are created on the surface o
substrgﬁétﬁ%déﬁagﬁ%g%r%%é§%§§CngFﬁél?ﬂ%gﬁ?f: d528T6MIENE 200t e

i i ed t e wn shave. previously been identified as: 10
Pkghgzgﬁggﬁ gEE@?fd%gijg%ﬁlﬁggé F%gg?lg?o%ﬂﬁfé&FFFEO?h%?lﬂﬁﬁn%éﬁﬁfﬁefos|ted
over t f e substrate - 14 is an interconnect |ayer a
contai%?usﬁggrggﬁﬁgiﬁé ines, vias and contact points - 16 are the contact
poi nts on the surface of the interconnect |ayer 54 h 18 Lsmﬁ'lﬁySLeOf

i i i i ch openi ngs have been created throug iC
passivation into whic p g o e rer . and -

. - [ ic
21 are the CORIUCt 08 DrUGETt RAE habe  BUET B i HOB=Cht obfgh TTNETPaYer 20
of pol ¥i28 gen TRE{HH.CK JA%EL 4298 Pgéygggfég%no?etggaégggégggg q%lgyforn]

the addition of léyer 44 of ferromagnetic material. Openings are

created in layer 44 of ferromagnetic material for the conductors

34 and 38, the layer 44 is deposited using conventional methods

te a thickness that can be experimentally determined and that is

influenced by and partially degendent on the types of materials

used and the thickness of the layers that are used overlying the

ferromagnetic material -{such as layer 20) for the creation of the

structure that is shown in cross section in Fig. 4. The surface

area of the fe;romagnetic layer 44 typically extends over the

surface of layer 18 such that the inductor 40 aligns with and

overlays the layer 44, the surface area of layer 44 can be

extended slightly beyond these boundaries to further improve

shielding the surface of substrate 10 from the electromagnetic

field of the inductor 42 (Fig. 3).

Fig. 5a shows, for reasons of clarity, a simplified cross

section of the substrate and the layers that are created on the

surface of the substrate under the processes of the invention,
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on the surface of the layer 18 of passivation or can be |am nated over the
surface of layer 18 of passivation by dry film application. Vias that are
required for the creation of conductive plugs 21 can be defined by
conventional processes of photolithography or can be created dgi gy bedser

(drill) chnol.ogy. It is clear from previous discussions that the
sequenc%h%ﬁ“fgﬁéé%%ﬁdzﬁﬁ%asI%@%ﬁ§”¥héﬁoﬁ§ BABMP ISV icrody Seetion in Fig. Sa

has bee at.ed, so that additional electrical conponents such as an
inducto??ggﬁg%ﬁﬁﬁgffor and the |like can be created on the surface of |ayer
20 of polyimde and in electrical contact with conductive plugs 21. Layer
12 of dieﬂgg}g?cshﬁﬁfoql?upﬁéréFﬁss section that is shown in Fig. 5a, be
part of I? er 14 since layer 14 is a layer of Intra Level Dielectric (ILD)
Wit hin MM'%tha§e}aﬂﬁf(ﬂ%ﬂdﬂélﬁeba%¢ythﬁmﬂég¥é@@d.dv¢©himasp&@& t-@et he cross
section that .is showmn in Fig. 5b, the sane |ayers that have been

i dentified for-Eiy” B éP@SgﬁaFﬁ provided in this cross section.
Additionagly,has been shown the upper layer 17 of the silicon substrate 10
that cont afns®att i Ve rSORPESRALRYSF el csitaAhsoishewrpise s assesect i on of
an inductor_ 19 that has been created on the surface of |ayer 18 of

passi vat i §h?° | PP MRANEG4i Robeteénphasi zed that the ohmic

- 16 are the contact points on the surface of the interconnect

+

layer 14

- 18 is a layer of passivation into which openings have been
created through which the contact points 16 can be accessed
.- 20 is a thick layer of polymer, and

- 21 are the conductive plugs that have been provided through

the layer 20 of polyimide.

The thick layer 20 of polymer can be coated in liquid form
on the surface of the layer 18 of passivation or can be laminated
over the surface of layer 18 of passivation by dry film
application. Vias that are required for the creation of
conductive plugs 21 can be defined by conventional processes of

photolithography or can be created using laser (drill)

technology.

It is clear from previous discussions that the seguence of
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resistivity of the netal that is used for the inductor 19 nust be as |ow
as possible. For this reason, the use of a thick layer of for instance
gold is preferred for the formation of inductor 19, it has been shown that
a thick layer of gold increased the Q value of inductor 19 fro#nJAoB 5 to
about 20 for 2.4 GHz applications which represents a significant

i npr overfeitE Si PEhel®) SHAMUE ToF T PiduéE6F199. 13Fism JeNhgeOBeeFiqreagadshows a
cross section of a calfl)acitor t hat has been created on the surface of a
subst rat%e Ho" ASRayernal PrectddradcEPVROTRET COITRe@t EPnésdErd ont act

poi nts has heen created . on the surface of substrate 10, a |ayer 18 of
passi vatiFeTHes 2BBehUepdS 67 BFeFrERReS T dé¢ sPrifagercidiavsyediongs have
been creat d.in layer 18 of passivation through which the surface of

cont act®p&Fs Y181 880 M Ht édf.lCﬂlc‘éﬁ’é’é?‘f‘br""%g'htcépﬁs‘?t%ei%l‘%éil 12lknown, a
| ower &Iateq:, 1?” fugge{ (pl ate and a Ia%er of dielectric that separates the
upper pl'ate from the Touwer” fiFdr e 1" ThBS e LOHhoWENt € 0f Pa* chpatitdr 18an  be
readi | y..i de?ftif'ed frog%ér}]e cross section that is shown in Fg_Lg. 6, as

fol l ows:~9% 227i §%aP2bhdilc tiVE™ ayer That 361 ne 4 A Rohe¥epl &t 63t he

Capac'&%kel %ée&%cgrggngHﬁ%I%gthgxeahggﬁtlgéggn%2tEgnu gegegéfif of the

integrated.

With respect to the cross section that is shown in Fig. 5b,
the same layers that have been’identified for Fig. 5a are again
provided in this cross section. Additionally has been shown the
upper layer 17 of the silicon substrate 10 that contains active
semiconductor devices. Also shown is cross section of an inductor
19 that has bgen created on the surface of layer 18 of
passivation. It must again be emphasized that the ohmic
resistivity of the metal that is used for the inductor 19 must be
as low as possible. For this reason, the use of a thick layer of
for instance gold is preferred for the formation of inductor 19,
it has been shown that a thick lavyer of gold increased the ©Q
value of inductor 19 from about 5 to about 20 for 2.4 GHz
applications which represents a significant impreovement in the Q

jalue of inductor 19.
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capacitor - 46 is the dielectric |ayer that separates the upper plate of
the capacitor fromthe |ower plate. It nust be noted fromthe cross section
that is shown in Fig. 6a that the capacitor has been created op t*ﬂ-ﬁ\{ag G@
surface of |ayer 18 of passivation, the process of creatl ng the or

is thereforg 4efgrigd, Lo, as. a st a55| ¥at| on 321 cessi g sequence. 31 - 8

JUN 2006 Processing conditions an er| a “h °§n| SE%E 157 t he
creat i 0n-Qftd e e8pective.d ayers 4 have already been
hi ghl i Scﬂri—edt and need th%?e?%)re not” b %St %% a4%6d Y4t °this time. The

mai n SHEAfi vleNt BEESL o 8-t riQus h knesse ich the three
Iayerngz 44 and 46 c%cﬁ be dggg\sé%t e(c;il‘H CE IE‘%o’flpom -%Fg\;\g?erisc%?ated

assi v delwegn. ahp d yer 42 of conductive
Prat eri Z(fd gfeht \Aee\rﬁl@gbgﬁ? Bg%%atn]rdal{;(goqt@m d §fig€}éri@ ofpaglsélvgc t7i (L:haoset ween

Apgst and y 4 ctl ve, mat erial _
gg?%e%b%ﬁ%p%gggggd u%%n'lghe pggt Egagé ?/)gtf{)’n g)r eaflga capeact?ete@r that is

shown idy£HtQss 1n5§§§zé39nlé rbﬂ:'p%ssqqrate{ilgn Eﬁg&?&j 4 Iecsgxa aacceI to nee
bet ween the capacitor and t

contact pads 16 can be accessed.

A capacitor contains, as is well known, a lower plate, an
upper plate and a layer of dielectric that separates the upper
plate from the lower plate. Th;se components of a capacitor can
be readily identified from the cross section that is shown in

Fog. 6, as follows:

- 42 is a conductive layer that forms the lower plate of the
capacitor -

- 44 is a conductive layer that forms the upper plate of the

capaciltor

- 46 1s the dielectric layer that separates the upper plate of

the capacitor from the lower plate.

It must be noted from the cross section that is shown in
Fig. 6a that the capacitor has been created on the surface of
layer 18 of passivation, the process of creating the capacitor is

therefore referred to as a post~passivation processing sequence.
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underlying silicon substrate - allowed for the use of a thick |ayer of
conductive material, reducing the resistance of the capacitor; this is
particularly inportant for wireless applications allowed for the use of
high-dielectric mat eri al such as Ti 02, Ta205 for the dielectrdg Just2igen

t he up % Congeg ate 2 - 6 JUN 2006 of the capacitor, resulting
in a h er cap citive v Puet Bt Makerdapacior . ca do sFeshéas Bhe

three-d(hrg{g:c1 ona% ¥hem10f an Jnd ctor 19 that has been created on the
surface o ©1B° R PasE viatiea. 42Fuf st Hifghrivgheede#dy Piagn 6b

are: - t.ne vias that are created in the thick |ayer of polyner 20, Fig.
5a, for %ﬁﬂ‘Qﬁ¥ch§Hﬁe3?s dﬁ“?ﬁgﬁﬁﬁbéPtaﬁﬁ trethgnsiet aidedl st ofhimet al  of

the inductor - 25, the bottomnetal of the inductor - 27, the top netal for
the inductor. Fig. 6c shows a three dinensional view of an inductor that
has been created on the surface of a |l ayer of passivation by first
depositing a thick | ayer of polyimde over which a Iayer of polyner is

deposi ted, whas . arglgreapgd %h t he thick | ayer gFlg 5a) of polynmner.
I n addition to { Fevi susty "M gHEeghtes tl%j@F§°uﬁlé igEngheis @ | ayer 29

of p0|Xhﬂkgﬁthgh%hkggufgogrs 42, 44 and 46 can be deposited, as

follows:

- layer 18 of passivation between about 0.1 um and 0.3 um
- layer 42 of conductive material between about 0.5 and 20 um

- layer 44 of dielectric between about 500 and 10,000 Angstrom,

and

- layer 46 of conductive material between about 0.5 and 20 um.

" The post-passivation created capacitor that is shown in cross
section in Fig. 6a has:
- reduced parasitic capacitance between the capacitor and the
underlying silicon substrate
- allowed for the use of a thick layer of conductive material,
reducing the resistance of the capacitor; this is particularly

important for wireless applications

- allowed for the use of high-dielectric material such as TiOz,

- Ta20s for the dielectric between the upper and the lower plate
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is created by creating the bottomnetal 25 of the inductor 19, the top
metal 27b of the inductor and the vias 23 that are created in |ayer 20
(Fig. 5a) that may contain a polyner but preferably containsﬁgylg'g%@g. 33
6 JUN 2006 Fig. 7 shows a cross section where, as in Fig. 6, a 8 B t or

i's createdsopnthexsiface of.sgupstrate 1Q. the cross section _that is
shown in Fig. 7 however a thi ck Ié%er f%qﬁﬁh%6|§§%?%%tﬁ%%" &&n°deposi t ed

over the suefagga®ftrdhe passivation |ayer 18 and has been patterned and
etched in order to nmake the contact pads 16 accessible though the thick
| ayer 20 of poly- The thick layer 20 of polyner renoves nost of the
capacitor, that is the lower plate 42, the upper plate 44 and the

di el ectri €146, shramdde rauebagendfssihst kakg 10 by ﬂjbcséo%”‘ig EQS‘% s
y

equal to the thickness of layer 20. It has previous een State that the

range Ofasp(ﬂe)énmc@[@a_tzgﬁc&ﬂe@_% %%@f\é@_@)’offr% Zlal'y@r 4@ 120 ym ixra‘aq:d:'Loxii S
dependent on el ectrical design requirenents, this state S edual |y

val i d fofriike 61g83is8Esd O QL igp shown in Fig. 7 so that the main
| ayers of the capacitor can be renoved fromthe surface of substrate 10

over thatzg] stnce Lf +2a4My Lo éHninlEhei§h§é§a{athat‘Jhiiﬁleads to a

significant increase in distance et ween the capaC|¥%ﬁ “ang® B°tinder | yi ng

silicon spbstrad e sdheorpanasitis capacitanse il therefore b
significantly reduced. % tE 9% tM@ &pper and,tge fower
levels of metal of the inductor

- 25, the bottom metal of the inductor

- 27, the top metal for the inductor.

Fig. 6c shows a three dimensional view of an inductor that

rhas been created on the surface of a layer of passivation by
first depositiﬁg a thick layer of polyimide over which a layer of
polymer is deposited, vias 23 are created in the thick layer 20
(Fig. 5a) of polymer. In addition to the previously highlighted
layers, Fig. 6c shows a layer 29 of polyimide. The inductor 19
is created by creating the bottom metal 25 of the inductor 19,
the top metal 27b of the inductor and the vias 23 that are

created in layer 20 (Fig. 5a) that may contain a pelymer but

preferably contains polyimide.
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Fig. 8 shows a cross section of a substrate 10 on the surface of which has
been deposited a | ayer 18 of passivation, a resi stor has been created on
the surface of the layer of passivation. A resistor, as is meé%éﬁpi
created by connecting two points with a material that offers cal 34

| . The
-6 JUN 20 res 4 he.p of, current thrOéJghthe materia
two poi nt gﬁ(t;{haf3 %ﬁﬁgﬂ?t rngtst ﬁ% ?%ér?gﬁqfnfe 'lté at i $*%hotn 9 T°PEF558% sect i on

face of
in Fig.i8 @ dehe osophactypads 16 that b created in, the sur

t he |ntler connect | ayer 14u By creating %gyer 4g[nbet meeﬁoisﬁe? @ogt gﬁtthe
pads, tiaic it eheeAnestSidhe; HIMREQNLaLt; pa ndLhat | b %%dﬁoé' ted Rl
surface of passivation layer 18, a resistor been crea i aéor

hi gh
W th the:dn oeesseseaf otde inventirgne For b égs tqgnoia & 48da
resistivity materi gl can be used such as Taap q1|con ‘%’ gfe

phosphasid ineahe pgk ass1 PSR e%lclrl'egC’@nOéy&‘éNﬂﬁd%ak%' ‘dﬁ‘eg "{%a' um m oxi de

(Al xOy), tantalum nionbium or ] denum 'S cf k o of RISIgﬁnS
such as ¢ hiceknressie teaaih @d oy dich; of o Y %’1 0 ayeh

resistivity material are applicatiofn ependenft 5 catn t ejfce (}r‘aé/ ﬁ(r)]tclrogss
speci f izd hiyfeti PEnd b AN debai Ly Th Sto that 1§ s '

sgctl on |rc1)&tF|pi(i:|J &Se%s as is the capac?to%pg‘fsclﬁ th’% ahd- 7. Weegt ed in a

post - p%ﬂ%&%ﬁﬁQQntﬂéoﬁﬁﬁﬁ&‘%ﬂa&%e4§uéﬁéc€h9fdlelectrlc 46, from the
surface of substrate 10 by a distance that is equal to the
thickness of layer 20. It has previously been state that the
range of polyimide thickness c;n vary from 2 um. to 150 um. and
is dependent on electrical design reguirements, this statement is
equally valid for the cross section that is shown in Fig. 7 so
that the main layers of the capacitor can be removed from the
surface of substrate 10 over that distance of 2 um. to 150 um. It
is clear that this leads to a significant increase in distance
between the capacitor and the underlying silicon substrate, the

parasitic capacitance will therefore be significantly reduced.

Fig. 8 shows a cross section of a substrate 10 on the
surface of which has been deposited a layer 18 of passivation, a
resistor has ©been created on the surface of the layer of

passivation. A resistor, as is well known, 1is created by

connecting two points with a material that offers electrical
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| ayer 18 of passivation. Fig. 9 shows a cross section of a substrate 10, an
i nterconnect |ayer 14 has been created on the surface of the substrate. A
| ayer 18 of passivation has been deposited over the |ayer 14 of

i nterconnect netal, a thick layer 20 of polyinide has been depdsitBdiBver
the surface of the pq%$4vaiion layer 18. A 35 8 JUN 2006 resistor 48 has
been criéated O t HE sulT 46 BF% K | didre™0 GFroyghyithicdeatridatesiToror 48
is cre Rﬁg cgqggct%gg the two contact pads 16 with a thin high resistivity
| ayer of mefal By ““FhcPfégsifff & het ditbeartEsiséehesn tHRé biodysbewi han
resistar_and th sur.face of substrate (by the thickness of the poly |ayer

20) t he = pal émFiF@ncéBaEFﬁangeaﬁgtﬁéﬁh(Fﬁgaﬁédyagﬁ tRe HHasi $RFF BRENL he

ras
substrate is reduced resulting in an inproved resistive conponent (reduced
parasit?ﬁ?ﬁggga&Ptggg FB§§?C?ré%(ﬁRﬁi%ﬂﬁﬁ¥CPP€aGEn%?Ye$e¥¢0ﬂ%®ﬁ@§¥ﬁlparther

applic%kjon o] 8thetpost- ﬁssivation processing of the invention is shown

in Figs-2¥fG and 11T°VSHI chPoht@nPAEEChN PRk 1 abalintEsRPaBECHDI KPS

betmeeqwgpnt%%% E@ds 16 and an overLyin% el ectric conmponent, such as a

di scret@q ndaCtdr- BHGcedlfng ™33 'omithe S8RPF Hbe ofrsubier a3 TRFS no4n

upward __di_r.ection the |ayers that are shown in Fig. 10 have
%S‘F‘afén*ﬁ‘? i ReE F8afed 0 lusiGRprdance

previcnﬁﬁ%flggeﬁoPaé%?g%ig%’aﬁdrﬁf
with the processes of the invention. For the creation of layer
48 a high resistivity material can be used such as TaN, silicon
nitride, phosphosilicate glass (PSG), silicon oxynitride,
aluminum, aluminum. oxide }Aley), tantalum, nionbium, or
molybdenum. It 1is c¢lear that dimensions such as thickness,
length and width of deposition of layer 48 of high resistivity
‘material are application dependent and can therefore not be
specified at-this time in any detail. The resistor that is shown

in cross section in Fig. 8 is, as is the capacitor of Figs. 6

and 7, created in a post-passivation process on the surface of

-layer 18 of passivation.

Fig. 9 shows a Cross section of a substrate 10, an
interconnect layer 14 has been created on the surface of the
substrate. A layer 18 of passivation has been deposited over the
layer 14 of interconnect metal, a thick layer 20 of polyimide has

been deposited over the surface of the passivation lavyer 18. A
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the sane nuneral s as have previously been used for these |ayers. \Were
Fig. 10 shows previously not identified layers is in: - 50, contact plugs

t hat have been formed through the thick |ayer 20 of polynmer - 52 co @ECt
ball s that have been formed on the surface of the contact pIu§§3é@N& ng
conventignal neggﬁ S o% sel ective sol der deggsition (plating or bal
mount i n§-dh° tHe TcEEF $6°2tF FUNESo6 rPreRcHPhe tiheesppPi efti on of a
flux on tpe.de osh;ed sol.der and flowi ng the solder to formthe contact

bal I's 537 AN 57, A%Cr§SSS58Et 1Ot Drergadirdc FRRR St idtt rihgaltweoApaR@At such
as an jpnductor ar, a discrete capacitor or_a resistor. Fig. 11 shows a
Cross 58%€$0%86$8§1§5%F&Snﬁéﬁ%sf 10 t¥ntav e urteddd -ofYwhi ch a discrete

electrigalrggqponqpt 54 has been nounted, contact balls 56 are used

wher eby PRESHT SthndE HafWeBhi® PHe Eihstfabedy 0ohrd ¢ e séiséetr redl thonponent
54 is of a.si ni{igﬁpt VEIUﬁ. Contact balls are inserted into the openings
that havd been Tr SAPedPhCet hBY | thert M karspassi v itor,y thger( 2@ atheel y

| arge) contact. balls 56 create a significant separation between the

sur f acePdF 2 3tbst r4Pect628A8 PRE'RS NG 80d¥| ebtHic alesdspanent Bde The

nmet hods t hat have beeg shown in Figs. 10 and 11 indicate that
substrate 1s reduced resulting in an improved resistive component

(reduced parasitic capacitive loss, improved high frequency

performance) .

Further application of tﬂé post-passivation processing of
‘the invention is shown in Figs. 10 and 11, which concentrate on
.making ball contaét points between contact pads 16 and an
overlying electric component, such as a discrete inductor.
Proceeding frqm the surface of substrate 10 in an upward
direction, most of the layers that are shown in Fig. 10 have
previously been identified and are identified in Fig. 10 using
the same numerals as have previously been used for these iayers.
Where Fig. 10 shows previously not identified layers is in:
- 50, contact plugs that have been formed through the thick
layer 20 of polymer
- 52 contact balls that have been formed on the surface of the
contact plugs 50 using conventional methods of selective

solder deposition (plating or ball mounting on the surface of
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- the passive conponent 54 is renmoved fromthe surface of substrate 10 by
a significant distance, and - instead of nmounting the passive, discrete
conmponent 54 on the surface of a Printed Grcuit Board (PCB), ppg ﬁasimge
conponent 54 can be mounted closer to a sem conductor device in NS

present i pueRti 80; , 37nd JPN:2006,,ThE %%&Q}Q JuhepaeLhods, and procedur es

e cpos
t hat have been explalned above using the exanples tﬁa? ar'e ShA\im %A cross

section i Rnkhe1.3¢69MPANYIJ1G4r aw Rg %IIO@ABQ ? een adhered to: -
t he paSS|vg congoneﬁts have geen fur?ﬁer renn&g FPOmEhe N9 con

substrat e g4t her educi n Lve i t 1is |nduced by the
substrateSgy ng?%?%n&gnéﬁ?E Fggsgggéﬂ%ﬁ?f% ﬁcﬁﬂ CIBSTHt Suchy tﬁé

ost - passi.ya C |nvent| allows for the selection of
glscrgte g%n%gggﬁgggéffg%q%gfggé p?%cﬁ r &uft TP h°teduced resi stance of

the discrete capacitor and the dlscrete inductor, this is further clear
fromthe following conparison betmeen prlor art processes and the

h ry U|res for the creation of an
Prietor: rFidie i BHEP R g Aok R oo G B e Pors 01on - i de

coils f@ﬁeagx&ﬁgﬂ§kgrwﬁgéyléIJ&%df%te electrical component 54 has been

mounted, contact balls 56 are used whereby the distance gétween
the substrate 10 and the electrical component 54 is of a
significant value. Contact balls are inserted into the openings
that have been created in the iayer 18 of passivation, the
{relatively large} contact balls 56 create a significant

separation between the surface of substrate 10 and the discrete

electrical component 54.

The methods that have been shown in Figs. 10 and 11 indicate

that:
- the passive component 54 is removed from the surface of
substrate 10 by a significant distance, and

instead of mounting the passive, discrete component 54 on the
surface of a Printed Circuit Board (PCB), the passive
component 54 can be mounted closer to a semiconductor device

in the present invention.
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- incr.eased surface area that is required for the inductor which in turn -
i ncreases the parasitic capacitance of the inductor - causing eddy current
| osses in the surface of the substrate. 38 - 6 JUN 2006 The present

invention by contrast: - can use thick nmetal, since the metal o8 JtUINe2005
passi ve CoRPORERluc thd BiehBEs I Eh, dAKer a6 pALYMRI). remaved fLom he
(thin netal) 1nterconnect |ayer , consequenc uce

surface;afea hal; tReregigRd far the.i g%%%%({ Aand, < q%ggﬁﬁqﬁﬁb

resistivity of the inductor, t her eby I ncreasing the

i nduct ogccd%{ptarﬂ%gg BPQW}%{% er, rh%d ggirrlrge t of 1 heagkggg{i\;ﬁg nvention has

been illustrateéd, "and t form een” descri c |dtfva![ be
readily u r oodb t hose kllledlnteattat various nodifications
may beyrraggg ﬁesrsellvne \%lﬁof“ﬁé)ﬂ?ngep}é‘?‘ﬁ R S oM HPRE SRy dffmf“héhﬁnvintl oR gr
fromthe of the appen cl ai JUN 2006 CLAIMS 1 nmet ho

for form %g9g§0| n l?é’t%gﬁgg g}ﬁl FoH her %%rcr’rﬁﬁcéhel MR EYriated "OPFEubpat

. overl ayi ngstmdfégc{ %%e 9]:3 saugsetm:actoenq)um Qectromagnetlc iosses incurred

in the substrate

- the post-passivation process of the invention, allows for the
selection of discrete cémponent design parameters that result
in reduced resistance of the discrete capacitor and the
discrete'inductor,lthis is gurther clear from the following
comparison between prior art processes and the processes of

the invention.

Prior art requires for the creation of an inductor:
- the use of thin metal, which imposes the creation of
- wide coils for an inductor resulting in

- increased surface area that is required for the inductor which

in turn
- 1increases the parasitic capacitance of the inductor

- causing eddy current losses in the surface of the substrate.
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substrate, conprising: providing a sem conductor substrate, in or on the
surface of which.sem conductor devices have been created, having points of
el ectrical contact provided to said sem conductor devices in or on the
active surface of said substrate; creating an overlaying interdodik@ilitng
met al i zat | Dine Sirdicingr @ nveRPPsH BNGMGa@E:MOre | ayers of interconnects over
the active surface of said substrate, said |ayers of interconnects

conpr|3|ngc@@nﬁucwmu@klmgg&goq&g&g Qm@eﬁegﬁlquqgﬁglég ggntggm o 0|nts or
conductive vias in one or nore |ayers, p0|nts el ec e¥ont act

havi ng beefs priyisded thicer 1 ot he %rlfyﬁ%?% %emé@édj PG FEX' ng

i nterconnecting netalization structure east one o sa|dhﬁ%|nts of
el ectri calm&QntaGht@RkbAge COMARL Wigt N ah (Lgast. O“S%q%‘é Sa}d conductive
i nter connect |ines or said conductivé Contact p0| or "§&i d conducti ve

vi as pravi ai or. nor.e | ayers of.sa verl ayi
p fgﬁhdé]tﬁé gr?QSé Jr ﬁ é%at S re u}%ﬂ%qkﬁhéh8f¥§§FfF?ﬁnEﬂnqI nes

i nt erconnecti ng met al |zat|on ructure
or said_. contast i uctl e vias nmaking contact with at
| east one of éé% %%o?%gs §I18§HfEﬁﬁ pr&vFeded Bereainy the

senlconduqiq; qu|%e§h|n or qp the surface of sald substrate; 40 -8 JUN
2006 dep05|t|ng a paSS|va?'5%<1ayer over said overlaying interconnecting
nmetal i zation structure;

Although the preferred embodiment of the bPresent invention
has been illustrated, and tha% form has been described in détail,
it will be readily understood by those skilled in the art that
varicus modifications may be made therein without departing from
the spirit of the invention or from the scope of the appended

claims.
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iti [ [ [ id passivation
deposi ting an polyner insulating, separating |ayer over sai
Iaser tha? i's substantially thicker than said passivation |ayer and that
is also substantially thicker than an inter-I|ayer dlele?trlp usgdeL?Lgs
i idi nnectin metal | ization structure; formn
creating said interco g ﬁgggﬁams

t hrough said pol yner insulating, s iy layer and throuﬁ _
passigation Igyer to expose at |ea %%ﬁﬁisqpalr of said points of electrical

i ng .be rovided in or on the surface of said overlaying
it te?gg%ggﬂétrﬁ‘%gh%i%?i atfor? Xt rgctgrter £oFIhinh swrdcopeniags with a
conductive materjal,, creating metal contacts through said openings; and
f or mi ngl%%?‘%f‘?tr‘?dj{JEPSFubhst‘?]‘ée’”s]@rﬁ‘fl@@etbﬁ saf Ehpolofiver semsubatuaigpr
separat i | ayer, said inductor being connected to at |east one pair of
sai d po?#ﬁ%§ LS| EEFPFERINEONt act havi ng been provided in or on the
surface of said overlaying interconnecting nmetalization structure 2. The
met hod BFCCIHITA £ RABI &Pt HeBiszbsbtasai dipoimta che ehecicé cal contact
having heen provided in or on the surface of said ove(Iaylng
i ntercoﬁhﬁéﬁi%ﬁ?lﬁﬁPﬁP?E%ﬁi?ﬁV%ﬁﬁSU@?H?eb?%nvwndﬂhﬁdrthevna@gmbxﬁts of
approximately 0.3 um to 50 um 41 - 6 JUN 2006 3. The npthoq of claim1l
whereirggﬁﬁﬁfgﬁﬁlnfgnB?c%l%RRW%Q%% teoReddtsemiconductor devices in or

on the active surface of said substrate;
creating an overlaying interconnecting metalization structure
comprising one or more layerslof interconnects over the active
surface of said substrate, said layers of interconnects
comprising conductive interconnect lines or conductive contact
points or conductive vias in one or more layers, with points of
electrical contact having been provided in or on the surface of
said overlayiqg interconnecting metalization structure, at least
one of said points of electrical contact making contact with at
least one of said conductive interconnect lines or said
conductive confact points or said conductive wvias provided in
said one or more layers of said overlaying interconnecting
metalization structure, at least one of said metal lines or said
- contact points or said conductive wvias making contact with at
least one of said points of electrical contact provided to said

-

semiconductor devices in or on the surface of said substrate:
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- said inductor is e

having been provided in or on the surface of said overlaying _

i nterconnecting netalization structure conprise a material that is

sel ected froma group conprising sputtered alum num CVD tungst Dyn 26D
copper, electroplated gold, electroplated silver, electroplated copper,

ickel. 4. .Th hod of claim1l whereby
Sad Oh@éésg@i% aénng;g%gggirc%ggsg? n%lgccfe‘?elrc S§ﬁ8 gﬁgﬁlae&rﬁ)g?e covler ed by a

| ayer of i ian.. o..Ihe method of claim4 wherein said dielectric is a
|O&FKLdPgF§€§¢$§§éé¥%gTﬁgtﬁE%ﬁ% tot THATHUES% th the addition of one or nore

[ f ferromagnetic materi overlying said passivation |ayer over a
Lﬁ?gLﬁeggp%?l%Eﬁhe PRLSTET 218D %hﬁ“%o%ﬁ@%fﬂﬁggﬂrb%y%mdm6VE§aad sur f ace
area that is about the surface area over which said jnductqr overl ays said
pol yner PR RS Bti Hy, " YEpar A F ng® | AYRF5anGiaddwsphi skagy wind sone or nore
llayers of ferromagnetic material _between the surface of said passivation

| ayer aﬁﬁs?+¥9§ﬂ%}g€V§F 8BPokited potiaterciasanrht#hiy Separeat thgnl ayer. 7.
The method of. claim.1 wherein said inductor is of a spiral design and is
cr eat edlBﬂe’Eﬁ]ea%eLﬁ 3ES S6F T8I WS POl §iterchanddnat Fagd Uter®nlENt 2006
séparatin L er and in a plane that is parallel to the plane of the
surfacem%'?a iﬁ%fﬁﬁﬂnyﬁﬁquﬁgﬁ?ating, separating |ayer. 8. The method of

Clain]1f¥£§?§§l%ﬁ%?i%ggngggggéhigaﬁg%&hggegsgggulating, separating
‘layer and through said passivation layer to expose at least one
pair of said points of electrical contact having been provided in
or on the surface of said oveflaying interconnecting metalization
structure;
filling said openings with a conductive material, creating metal
contacts through said openings; and
forming said inductor on the surface of said polvmer insulating,
separating layer, said inductor being connected to at least one
pair of said points of electrical contact having been provided in
or on the surface of said overlaying interconnecting metalization

structure.

2. The method of claim 1 wherein the size of said points of
electrical contact having been provided in or on the surface of
said overlaying interconnecting metalization structure is within

the range of approximately 0.3 um. to 50 um.
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damascene processing procedures. 9. The nethod of claim1l wherein said
inductor is created using nethods of photolithographic exposure and
etching. 10. A nethod for form ng a capacitor for high performau%eJ 006
integrated circuits on the surface of a sem conductor substrate, %%i@
capaci t gr €QMmkd S0 2 190 R! At &, a _hottom pl at e and | ayer of

diel ectric interspersed ge%meen §%¥3rkggqgnaoégF%‘%%fgﬁﬁgﬁﬂﬁﬁi,cﬁ%ﬁﬁﬁﬁsing:
provi di Rgv g S&IH (iTe bsyr +o Noor_on the surface_of . which

seni conduct of de&fggg %ggg %ﬁéﬁ$é§%arghfuﬁ53F%go ol Tt SIFTLareeri cal
contactiHE%?géggééggn Y tgfm'conductor %evices in or on the active surface

of said SUbStTate: Creat Ay an over] Ayihy T Pnt @PRGHife @ G CRetAl Fhak i bh
structure gggpg£§ing one or nore layers of interconnects over the active
r

< at 8YP s a9 SBP EFRERT cortedt e c 68Br Fsnagten,

surface o}esald sSubs
conduct&yg I nt er connpec Iifeskgr conductive contact points or conductive
vi as i n-one Ot or & Fﬁ%@?g,aEﬁ P YGintdegFrort 2t iddivegont act havi ng been
providedlin or .on the surface of 43 6 JUN 2006 said overlaying

i nt er coRMEtti Wy AhEFaFPRREF ore T i6ee, 9atd| eadte s roflesai dipbehts of

el ectrical contact making contact with at |east one of said conductive

i nterconnect lines or said conductive contact points or said conductive

vias provided i )
P 9. fLe mé%hod of claim 1 whereby said inductor is embedded in a

dielectric and furthermore covered by a layer of passivation.

3. The method of claim 4 wherein said dielectric is a low—-K

dielectric.

6. The me%hod of ¢laim 1 with the addition of one or more layers
of ferromagne?ic material overlying said passivation layer over a
thickness of between about Z,OdO and 50,000 Angstrom and over a
surface area that is about the surface area over which said
inductor overlays said polymer insulating, separating layer,
interspersing said one or more layers of ferromagnetic material
between the surface of said passivation layer and the thereover

deposited polymer insulating, separating layer.

7. The method of claim 1 wherein said inductor is of a spiral

design and is created on the surface of said polymer insulating,
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said one or nore |layers of said overlaying interconnecting nmetalization
structure, at least one of said metal lines or said contact points or said
conductive vias nmaking contact with at |east one of said p0|nt53qﬁ”L2m5

el ectrical contact provided to said sem conductor devices in or on the

surf acesepasai thpubsterabad isah bRAINSLQf 18l §6111 L8l gontact ,provided on
tﬁe sur?a%z of éiid overlay%ng ﬁ%terconﬁéc%ing neté%izatlon E%rﬁ%t%re bei ng

di vi dedthé né@r Rald $0kagMeps Bpfk,00d, Hyhered adiacent cqntact poi n_ts_
wher eby one point of elect??cal cont act caﬁ be ondﬁggﬁ%nﬁyegne pair;
depositing a passivation layer over said overlaying interconnecting
netalization structure; patterning and etching said | ayer of passivation,

ti LGS 4 N eSah g, er. of .passivation, at |east one opening
85§?|;3?h§ﬂ§fq?easﬁ ggegggéﬁa%Sﬁegijjbgﬁﬁg 6?8%%V8fd6¥ﬁF§a6Pd BFERdrica

. . . . | avi
contactdgmggég%epﬁggcgggybggﬁngn r on the surface of said overlaying

i nt erconnecti ng tal1za FUctUre; depositing a first layer of
conductive material over the surface of said Iayer of passivation,
i ncluding said openings created in said |ayer of passivation; 44 - 8 JUN

2008 tt [ and et chi ai.d fi.rst lLagyer of conductive materia
creatigg‘éﬁ&gggﬁﬁﬁg ?g g?£Pg5§f”§ﬁ§lgfs?égdl@$€ﬁxﬁhﬁﬁbFé&aﬁaﬁn?%lng

methods of photolithographic exposure and etching.

+

10. A method for forming a capacitor for'high performance
integrated circuits on the su;face of a semiconductor substrate,
éaid capacitor comprising a top plate and a bottom plate and a
layer of dielectric interspersed between said top and said bottom
plate, comprising:

'providing a semiconductor substrate, in or on the surface of
which éemiconductor devices have been created, having points of

electrical contact provided to said semiconductor devices in or

on the active surface of said substrate;
creating an overlaying interconnecting metalization structure
_ comprisigg one or more layers of interconnects over the active
surface ofrsaid substraté, said layers of interconnects
comprisiné conductive interconnect lines or conductiﬁe contact
points or conductive vias in one or more layers, with points of

electrical contact having been provided in or on the surface cof
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of electrical contact provided in or on the surface of said overlaying
i nterconnecting netalization structure, creating said bottomplate of said

capacitor; depositing a | ayer of dielectric over the surface of_%ahﬁgg@gst
-layer of conductive material, including said opening to at |east

sai d eveniausbered, poj e cotoshect fioalecantact s, Pl erning apd, etehi ng

said |l ayer of dielectric, creating an opening In Sai aﬁbr 6t tafetectric,

to at | t,08n id.even er.ed ints of electrical cont act,
partialFsgeigof%ﬁgggﬁﬂﬁgaé? e%%e O<£§af%8g§g§ Nalbat sP5sioht ¥16F efectrica

i i.d | r of dielectric interspersed hetween said top
ngtchﬁggggg%ggggi%%%gpF§¥§?Cg5%%§vyfﬁgogn§8£oﬁﬂ“ 2y¥r 6 %onduct i ve

material.,QueL: fhe Sérfa e of said |ayer of dielectric, including at |east

one opening - created insBPaTayEr GrUCENEEEFTRe Wit pAtrerRANgM and

etchin jd second | ayer of conductjve material, creating said top plate
2 ga o ST T e T S el
ep o e pa
ot passioat B SOmSFar AUC 4S5 RN 2608 BEpbsH 4 [ ot poryrTeez, e at  ng,
i i d and etche ayer o
;:gg{sgl?%%égy%Lﬁgxgro&hgaing£§§§%€y;eS%Egsp§é£§§§“iontact with at Y

least one of said points of electrical contact provided.to said
semiconductor devices in or on the surface of said substrate,
said points of electrical contact provided on the surface of said
overlaying interconnecting mefalization structure being divided
into pairs of even and odd numbered adjacent contact points
whereby one point of electrical contact can beiong to only one
pair;

_ depositing a passivation layer over said overlaying
interconnecting metalization structure;
patterning and etching said layer of passivation, creating
openings in said layer of passivation, at least one ocpening
overlaying at least one even contact point cf said points of
electrical contact having been provided in or on the surface of
sald overlaying interconnecting metalization structure;
depositing a first layer of conductive material over the surface
of said layer of passivation, inciuding said openings created in

said layer of passivation;
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including said openings created in said layer of passivation; and _
patterning and etching said polymer insulating, separating layer, creating

at | east one opening in said polyner insulating, separating |aye ha
;aligns with at | east one of said even nunbered points of el ectréc}[ﬂ Eﬂﬂﬁ

contact mirdeheisyr baceeofhsaj daiqverkayi ng dntger %%B%QELO& fH@ée%JIla%_atl on
structure. 12. The nethod of claim 11 wherein said polyner i1nsulati ng

separ at ingdtayer ahSopéning Hckiessaatt 8he Co i NG ML ALN LIS, Lange
apgr oxXi r;fng?ael yyl? 8 tgpl%o %m 13. Tﬁe rret%od of claimu1l Wherel Osléji 3

ol yner dmsuleatirigal SERAHA! IIGHAKAr 1 hSoSRIN-L ¢oatked.and cured. 14. A
get%od for form ngaa resi storp&-fg)orl hi gﬁ p%r f or mance mt%gratsed1 CI rcwts on

the surfageigfia S@Ht@fﬁEHHEd%&n%“RéEé?iEa?léé”g¥"u pé9¥|36ﬁ8&@€8r

senmi conductor substrate, in of 6n the surface of ch SeT

devi ces b reat ints of electri cal contact provided to
sai d sen%&é§%anu§$?)$gd§€|%gsd F% grEthg the active surface of said substrate;

46 8 JUNG2QQ6; GEeat | g, AN V8L, ?é'tPQC'é‘éerr% AneeL g, Mol A 2RO e

structure conpriSing one or nore ers O In

surface a t ye intercannects conprising
conduct |l\%e ?n?grggﬁ%&e%flvee rﬁ% g%!\jgbnéﬁc L SREScpPening to at least

one of said even numbered points of electrical contact;

patterning and etching said layer of dielectric, creating an
~opening in said layer of dielectric to at least one of said even
numbered points of electricalrcontact, partially exposing at least
one of said even numbered points of electrical contact, creating

said layver of dielectric interspersed between said top plate and

said bottom plate;

depositing a ;econd layer of conductive material over the surface
of said layer of dielectric, including at least one openiﬁg
created in said laver of dielectric; and

patterning and etching said second layer of conductive material,

creating said top plate of said capacitor.
11. The method of claim 10 with- additional processing steps

performed after said step of the patterning and etching said

layer of passivation, comprising:
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poi nts or conductive vias in one or nore |layers, with points of electrical
cont &ct havi ng been provided in or on the surface of said overlaying

i nterconnecting netalization structure, at |least one of said points of

el ectrical contact nmaking contact with at |east one of said con@udih 26

i nt er conpeetthnges 61 'giidg%qgggh'vesggggégyﬁgpglgverﬁgegaéheconductlve

vias provided in said one or nore layers o ayri ng

| nt e ConTElkngs TELA!J A QRS LEMCLEE foq o) B8l ORE-OL PaLd metal | ines
.or said contact points or said conductive Vias nmaking ContAtt with at

| east qm%lghlﬁgegaﬂ@'éﬁéhﬁ% c%%%%bﬁal CoNt AgL, rov'd§g§toyétunheﬁg§,t,ng a

sem conduct or vices in or on the sur ace of

O oct o oA %gﬁggég?%ef'ms%rf 235 POt Pt siong

structure; patterning an chi ayer

openin ig.l of sivation, | east two of _said openings
overlagﬁﬁs@é?a ggs%¥%%%<ng$r Pof Bgln?ss%ﬁd géT?FcéPSU%BE%%&ﬂ havi ng been

provid S of sai.d_ov y|n terconnectlng net al i zati on;
47 - %gﬁﬁgf%ggg gg |nga§lﬁﬁﬁe |98en8FeF?éW XA the surface
nc

of sai d taxer40 R I udi n sald eni_ngs created in said
| ayer of pass?vg??%%§ dgtﬁggﬁfﬁﬁa%nﬁon chi iy 3 Pd Fayareoft ctiduct i ve

”aterl%ker@é?@ﬁbngnterconnectlng metalization structure.

4

12. The method of claim 11 wherein said polymer insulating,

separating layer is -of a thickness after curing within the rénge

of approximately 1.0 to 150 um.

13. The method of claim 11 wherein said pelymer insulating,

sgparating layer is spin-on coated and cured.

14.A method for forming a resistorrfor high performance
integrated circuits on the surface of a semiconductor substrate,
comprising;

providing a semiconductor substrate, in or on the surface of
‘which semiconductor devices have beeﬁ create&, having points of

electrical contact provided to said semiconductor devices in or

on the active surface of said substrate;
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a layer of conductive material that interconnects at |east one pair of
sai d ‘openings created in said | ayer of passivation, creating said
resistor. 15.A nethod for formng a resistor for high perfornarickJUN 2006
integrated circuits on the surface of a sem conductor substrate,

conpr i scagat prg\ardicvg rd age il COMEkted @it syl akeali fa©io0ndhetsuef ace of
whi ch sem conductor devi ces have been created, having points of electrical

cont act cpmpvi stady taheSairdnsesi COPSHCIOT idRIreBEnkBLOMovdN e aagt kbve surface
of said substrate; creating an overlaying interconnecting netalization

struct userfeoapst Sidigi enBserat®y esday &l «0% bnt ercornaais@ver the active
surface of said substrate, said |ayers of interconnects conprising

conduct tugpt é e etk chi-8esn s r CHHIIAL 1Y Re80BE a86naR9i NLsS Bhchepduct i ve
vias in one or nore layers, with points of electrical contact having been

provi degoifit Oro®edri@ceiktaceaof in seid QVabhayi Age Nt 6FGINRRGHLERY £
netalization structure, at |east one of said points of electrical contact

meki ng eoBteeic tdbrdtict! 8ASIneNGOf HRld qe@ndyCLi Ve, iierconnect JLines or
said 48 - 6 JUN 2006 conductive contact points or said conductive vias

provi dedai @ &@d 6 0N 0K nABEEHAVEF ShPmetaid Q¥ Lk ayi ng-d iter %Q_ngeggik ng
netalization structure, at |east one of said netal |ines or :sai

one of said points of electrical contact making ceontact with at
.least one of said conductive interconnect lines or said
conductive contact points or said conductive vias provided in
said one or more layers of said overlaying interconnecting
metalization structure, at least one of said metal lines or said
contact points or said conductive vias making contact with at
least one of saild points of electrical contact provided to said
semiconductor devices in or on the surface of said substrate;
depositing a passivation layer over said overlaying
interconnecting metalization structure;
patterning and etching said layer of passivation, creating
openings in said layer of passivation, at least two of said
openings overlaying at least one pair of points of electrical
contact having'been provided in the surface of said overlaying

interconnecting metalization;
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contact points or said conductive vias making contact with at [|east one of
said points of electrical contact provided to said sem conductor devices
inor on the surface of said substrate; depositing a passivationgl aygbos
over said overlaying interconnecting netalization structure; patterning
and et@¢warg tsaigdal ayeer off passiveat ivennacsgatli BgeropRAi NGsdR sai dalayer of
passivation, at least two of said openings overlaying and partially

exposi hyen diempstsonetpai.r ﬂmbluﬁmhgtSaiﬂ_dﬁe&@h@bcake££§&§ﬂﬂ saaulng been
~provided in the surface of said overlaying interconnecting netalization

st ructir¥er odepeskivagicarr pol yner insul ating, separating |ayer over the
surface of said patterned and etched |ayer of passivation, including said
openi netir@angdana staild daayer dof 2 pas sé& atdnanictipat herdiing ,andegt ch ng said
pol ymer insulating, separating layer, «creating at |east one pair of

openi rysl dvers@ifdcpoiymeive maselkatl nghatseparatbngetayest tihatstabhgns with at

| east one pair of openings created in said |layer of passivation, partially
exposiprjatel] east openpaist cokapetints ofieliegkrl 6al pgantwatiohavi ng  been
provided in the surface of said overlaying interconnecting nmetalization

st ructerentigepesidi repistcayer of conductive material over the surface of
said 49 - 6 JUN 2006 polyner insulating, separating |ayer:including said
openi ngs

15. A method for forming a resistor for high performance
integrated circuits on the surface of a semiconductor substrate,
comprising:

providing a semiconductor substrate, in or on the surface of
which semiconductor devices have been created, having points of
electrical contact provided to said semiconductor devices in or
on the active surface of said substrate:

creating an overlaying interconnecting metalization structure
comprising one or more layers of interconnects over the active
surface of said substrate, said layers of interconnects
comprising conductive interconnect lines or conductive contact
points or conductive vias in one or more layers, with points of
electrical contact having been provided in or on the surface of
said overlaying interconnecting metalization structure, at least
one of said points of electrical contact making contact with at

least one of said conductive interconnect lines or said
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’ . . . . . . . d
created in said polymer insulating, separating layer; patterning an _
etchi'ng said | ayer of conductive material, creating a |ayer of conductive

. . . . . ; i
material that interconnects at |east one pair of said openings. 18R ﬁﬁ%l _
~said layer of passivation, creating said resistor. 16. The net hon of “Claim

15 wher eiondsat dvpassitaid @ihayesr %@rdo?ﬁ%c%ierYﬂa%"ipvﬁE%/D de spange of

- approximately 0.15 to 2.0 um of Plasma Enhanced CVD oxi de over

. - - - - - - de
whi ch a skayeoni o:hinbada ahangeo of s apPraxd makehy, 9,8cL0,2, 0 4mPECVD nitri
(S depossi tgd.nll The rretaﬁod o? c? aim 15 V\hé"riel}jn Is}agled po ycrrer 9 nsul at | ng,

separ at inegal ayeti eorpruses rppl ¥ M desorodhe Pakyger.+ bENZAGYcl.obut ene
(BCB). 18. The nethod of claim 15 wherein said pol ynmer insulating,

r at icngthayepois Dfora shhtckBRssc Bf iGN 1ag; Wit i JidRg§, of
ZSB?OXi ma?el yy?.s% to 10505urln 19. The rretvﬁod of (Ji%ll\%l mﬂl]%&%/}}ﬁerlel n said

| ymer lieasul ahé aSepPabaht 80t ayRIciS SR BoAP, L0 &4, and, cured. ;50 - 6
?E)JNyZOOG 20. Th(ralgﬁrrest hggéof claim 19 c\/\herei n 8a|% p% ymelr i nsuyl gtallng,

t bBgibayeicids swkiiectedntor My tind & RE0CesSENg, 51 ey, Q. .$RLN  on
igg?ir ﬁgbgﬁa g%ricng. 21%\ met hr(;d for nount iung a discrete E]g'\SDeSctrral cal .
conponedepaboyving theasuhvaceof1 semeenduchor sLPsif,af e, conprising:

interconnecting metalization structure;

patterning and etching said layer of passivation, creating
openings in said layer of passivation, at least two of said
openings overlaying and parti;ily exposing at least one pair of
points of electrical contact having been provided in the surface
of said overlaying interconnecting metalization structure;
depositing an polymer insulating, separating layer over the
surface of said patterned and etched layer of passivation,
including said openings created in said layer of passivation;
patterning and etching said polymer insulating, separating layer,
creating at least one pair of opehings in said polymer
insulating, separating layer that aligns with at least one pair
of openings crééted in said layer of passivation, partially
exposing at least one pair of points of electrical contact having
been provided in the surface of said overlaying interconnecting
metalization structure;

depositing a layer of conductive material over the surface of said
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providing a sem conductor substrate, in or on the surface of .which

sem conduct or devi ces have been created, having points of electrical
contact provided to said sem conductor devices in or on the active surface
of said substrate; creating an overlaying interconnecting mnetalg zafioos
structur conprising one or nore |ayers of interconnects over the active
surfac€°§Vm§5r8“§%&%ﬁ¥5%e?e§%¥®PP&¥é@§€@fihﬁ%@¢bﬁhﬁ@@$30peompg$sing
conductive interconnect |ines or conductive contact points or conductive
vias i T6ARESEr 1Mot &pdreer vt Rdiimgs 6fPavtisiety ilealercont act having been
providedtkn or on the surface of _said overlaying interconnecting

met al i Zati oh $tF RRUrEChARY) 2akt laie 6F sandigioiva askréhéct ¢edlingont act
maki ng _cont act %ﬁth at | east one of said conductive interconnect |ines or
said Conddcti Ve COMUSEL VHoPAE S GyL <hpd éBRERRIINASHF a& peavidet in  said
one or gg;eo%a ers of said overlaying interconnecting netalization

struct GF&7 8r TEHS°PGHEN8F SHFHFSfetidl SPiAedavs” i ®asedneatenpoints or said
conduc%&vgtvias ma ing,contact with at 51 6 JUN 2006 |east one of said
poi nt s “of “ et &¢tFi'Cal* ¢dnit8Et provided to said seniconductor devices in or
on the surface of said substrate; depositing a passivation |ayer over said
overlaying interconnecting netalization structure; patterning and etching

sai d | ayerof sivation, creatin
Y€ The $g¥%od of cTalm 15 whé%ein said passivation layer
comprises a layer within the range of approximately 0.15 to 2.0 um
of Plasma Enhanced CVD (PECVD) oxide over which a layer within the

range of approximately 0.5 to 2.0 um PECVD nitride is deposited.

17. The method of claim 15 wherein said pelymer insulating,
separating layer comprises polyimide or the polymer

benzocyclobutene (BCB).
18. The method of claim 15 wherein said polymer insulating,
separating layer is of a thickness after curing within the range

of approximately 1.0 to 150 um.

19. The method of claim 15 wherein said polymer insulating,

separating layer is spin-on coated and cured.
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| i [ [ ' [ [ id openings
openings in said layer of passivation, at |least two of sai _
oeerlaging at | east one pair of points of electrical contact having been
provided in the surface of said overlaying interconnecting netalhﬁ%élon
structure, providing at Ieast one pair of points of electricalb t

I r atiaon; t|n an pol ymer insulating, separating
Fg;gr g%ﬁr t R@gﬁé%a%%(% sal ?f% et Eh @Y RRB I 1 HYeY= 158 passi vat i on,

i |n S. created. in sald | ayer of passivation; patterning
_Lﬂglgft ri?%Sngp 15|5n§aF5FFﬂg JBPdrAtEngTPESEFLNT GreRE A 1M east

ai d polynmer insulating, separating |ayer that
grfgﬁ§“§}?£mggﬁpe§§§ %ﬁgﬁlalr of points of electrical contact provided in

said | ayer of passivation; selectively depositing a layer of conductive
material over the surface of at Ieast one pair of points of electrical

cont act S (e, f. t|on L1 ling said openings
createéuiﬁigﬁﬁg%goFgﬁéﬁ&gngﬁratl%g separa.l %flcﬁgeFom Pt A§°VEonduct i ve

bl ugs thioughcsal dpol Wik LASULALL N epataling. Jayer, said conductive

pl ugs overlaying at |east one parr %oi nts of electrica

cont actp:Rkowi dgda | Lrs@lhBYBE Ol MASS VALT Ol Sel et gLy clgating a
| ayer of solder over the surface sai d T

- which semiconductor devices have been created, having points of

3

electrical contact provided to said semiconductor devices in or
on the active surface of said substrate;

Creating an overlaying interconnecting metalization structure
comprising one or more layers of interconnects over the active
surface of said substrate, said layers of interconnects
comprising conductive interconnect lines or conductive contact
points or con@uctive vias in one or more layers, with points of
electrical contact having been provided in or on the surface of
said overlaying interconnecting metalization structure, at least
one of said points of electrical contact making centact with at
least one of said conductive interconnect lines or said
conductive contact points or said conductive vias provided in
said one or more layers of said overlaying interconnecting

metalization structure, at least one of said metal lines or said

contact points or said conductive vias making contact with at
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conductive plugs; positioning said discrete electrical conponent above and
in alignment with said selectively created |ayer of solder such that

el ectrical contact points of said discrete electrical conponent .lg H n
with said selectively created | ayer of solder; and flow ng said se ectlvely

at ed er Solsden, o5f i hg sl der Qaggg connectl%% id di crete
g[gctriég?ycaﬁginenf ﬁﬁtﬁ sg?% conductl&gaplu SETR At Fyﬁ%r fhsul ati ng,

t MRlcotort C tiNgrsa refe el e t i conponent
s A i Ry e s T

22. Th DG 02 Gl |nsulat|ng, Separating
| ayer ggﬁ%ﬁ?gesgg p%ﬁ??g?%%l%@e%ggﬂbgﬁ§%eggk%gﬁ?%cyé’6ﬁhtene (BCB). 23. The

| ayer is of
met hod oft &ainn-2k iwhensl M SAL G PPl IR thggulatlng, separati ng
a thickness after égglng within the range of apprOX|nater 1.0 to 150 um

53 6 JLph2006 24 aThecsihog of: elialm2l Wherel n sad polyfrer i nsul ati ng,

separating layer is subjected to nul'tiple processing step spin on

coat i Ngopdtth ¥ 1iRgsa28. 15&6&fﬁﬁfﬂ%%sq%aE£§h”‘§é fggg t@osgld dlgcrete

- electrical conponent is selected froma group conprising a feSistor, a
openings overlaying at least one pair of points of electrical

contact having been provided in the surface of said overlaying
interconnecting metalization structure, providing at least one
pair of points of electrical contact in said layer of passivation;

-+

depositing an polymer insulating, separating layer over the
surface of said patterned and etched layer of passivation,
including said openings created in said layer of passivation:
patterning and etching said pelymer insulating, separating layer,
creating at legst one pair of openings in said polymer
insulating, separating layer that aligns with at least one pair
of ppints of electrical contact provided in said layer of
passivation;

selectively depositing a layer of conductive material over the
surface of at least one pair of points of electrical contact
provided in said layer of passivation, filling said openings
created in said polymer inSulating, separating layer, creating
conductive plugs through said polymer insulating, separating

layer, said conductive plugs overlaying at least ocne pair of
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capacitor and an inductor. 26. A nethod for nounting a discrete electrical
conponent above the surface of a sem conductor substrate, conprising:
provi ding a sem conductor substrate, in or on the surface of which

sem conduct or devi ces have been created, having points of el et Brlbh 2006

cont act pBEAYLASH {R-salidseubroducl ol AR GBS 00, on dhe active surface
of said substrate; creating an overlaying in erconnec¥|ng talization

struct upgssCEAPL4Si Ng one or nore | ayers of interconnects over the active
surface of said substrate, said |ayers of interconnects conprising

conduct Ekéﬁei:Bi@é?@rﬁ'}fe%ttihigngslgaez_co@ﬁ%li ke contact, Dolfils of. conguctive
vias in one or nore layers, with points 5} el ectrical “contact ﬁaﬁlng been

provi dedohBu®tieh gihgssurface of said overlaying interconnecting
nmetalization structure, at |least one of said points of electrical contact

meki ng postacénmd lsal dheastrone; &fe:sald condugliveiniergonnect |ines or
said conductive contact points or said conductive vias prOV|&ed in 54 - 6

JUN 20051 sl one, 0/ ¥Rk 8 E@y@&i@élfa&%a@égr %g%féfg?f ”éo%ra%‘}“%%%hi Py

netalization structure, at | east one of sai a I nes or sai c%%tact

poi nt s @Ieé@ifEéi”EBH@%E%ep¥£§§sq@ggﬂgxPQﬂggggtgjéf%é%rila.a%%mggg?g SS?Ldor

points of electrical contact provided to sai sem condauct o
on the su{§ace;qf é%yddséygé£{5%f§ created layer of solder; and

flowing said selectively created layer of sclder, creating solder
balls connecting said discrete electrical component with said
conductive plugs in said polymer insulating, separating layer,
thereby connecting said discrete electrical component with a pair

of points of electrical contact in said layer of passivation.

22. The method of claim 21 wherein said polymer insulating,

separating layer comprises a polyimide or the polymer

benzocyclobutene ({BCB).
23. The method of claim 21 wherein said polymer insulating,

separating layer is of a thickness after curing within the range

of approximately 1.0 to 150 um.
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depositing a passivation layer over said overlaying interconnecting
‘met al'i zation structure; patterning and etching said |ayer of passivation,
creating openings in said layer of passivation, at |least two ?.,f sai 3%8
openi ngs overlaying at |east one pair of points of electrical ~dodd¥

havi n e raui.ded _i-n rface of said overlayin I nt erconnecting
net al igggt' ieglh@sn%\r@l?%?uﬁg, C%)gr]%{l/i ing at 1'eas go%oely i rlng‘fll?)%’tnrﬂ's of

i : i i f. _passjvation; esel. ectively crgat_]inng a
Fayer ofPandar avde™ e S PeEsDr-bRth EBls Wine-35HA%or Bt s oot

| [ i [ i on; itioni id discrete
el ectrbgato O AGhd Py g 1 ayer of passivation; positioning sai
el ect ribgalo'corrpggnent Ealtbovétzai and aligned wth said selectively created |ayer
of solder such that electrical contact points of said discrete electrical
conponent align with said selectively created | ayer of solder; and fl ow ng

sai d | ayerriof m%%h@@tbfe&ﬂéfﬁ<%@t%@e%@hgeéai&réﬁgqugesgiggiriéﬁyl S_connecting

said discrete electrical conponent with at |eas one pai’r poi nts of

. . . . . ] he
el ect r cemboraitt a6t skhesBéd 4:2%C% QfouPaSShYAldiQR. 25Pc5: § HJUN 2006 27. T
met hod glfaEI)%I aim 265\Nth ei n sai dad?sglrlgt e eilyectlr ?;cgl %%rrponre’nta is selected

from acgpQu Z0BRHI 8hngndudi€si stor, a capacitor and an inductor.

(-

26. A method for mounting a discrete electrical component above
the surface of a semiconductor substrate, comprising:

providing a semiconductor substrate, in or on the surface of
which semiconductor devices have been created, having points of
electrical contact provided to said semiconductor devices in or
on the active surface of said substrate;

creating an ovgrlaying interconnecting metalization structure
comprisihg one or more layers of interconnects over the active
surface of said substrate, said layers of interconnects
comprising conductive interconnect lines or conductive contact
points or conductive vias in one or more layers, with points of
'électrical contact having been provided in or on the surface of
gaid overlayingd;nterconnecting metalization structure, at least
one of said points of electrical contact making contact with at

least one of said conductive interconnect lines or said

conductive contact points or said conductive vias provided in
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28. An inductor for hi gh performance integrated circuits overlaying the
surface of a sem conductor substrate, conprising: a sem conductor
substrate, in or on the surface of which sem conductor devices have been
created, having points of electrical contact prOV|d$d todsalg tB iUNZmB
sem co t devi hn.or. op the active surface of said substrate; an
overlasg%g ?%?é%%é%ﬁ%ctlﬁrr QI?3%3|?ﬁ?%ﬂ?ﬂ&&?u?%i?ﬁﬁﬁﬂjﬁﬁtﬁggtonf or nnge
| ayers c over the active surface of said substrate, sa
Iaiersm% ai%%%§6%ﬁ%§%%§tgonprlg %g %dﬂﬁh&FI G817 PRt tonndes PFneaidr

conduc I.n r ductive vias.in one or nore |layers, wth
p0|ntsEg¥€g€gg%€¥%§ﬁM% c%%ﬁgc%o awtﬁlv een pF8§FH%dF?QF%ﬁ£ S tPhatsurface of

i li.zation structure, at |east one of
Si 0 parErL DG e opasEL 08 SR é: oRPREEC b 13 S Pe kSt Sabhe of sai d

conductiyecha grcannect cLines of saih.condct | Vee S agt poLnLs or said

a
conductive vias provid in"said one or " more d B@erlaylng

i nter cappestt gy et alilszation, gi% dﬁé?lvegdl S%ﬁ%ﬁﬁﬁff sai d metal |ines

or said contact™ points or sai Vi a contact with at

| east QREe POl %QQ§19£a§f%§ié¥¥ 1.5,.Qf electrical contact provided to

said sem conductor “devices in or e *Strface of said substrate a

pass'vﬁgtﬁﬁEAfﬁﬁa d%eQ9§h£EQ OXE4 f%ﬁé% %%e%ggg éklon, creating

openings in said layer of passivation, at least two of said
openings overlaying at least one pair of points of electrical
contact having been provided inlthe surface of said overlaying
interconnecting metalization structure, providing at least one
pair of points of electrical contact in said layer of passivation;
selectively creating a layer of solder over the surface of at
least one pair of points of electrical contact in said layer of
passivation;

positioning sald discrete electrical component above and aligned
with said selectively created layer of solder such that
electrical contact points of said discrete electrical component
align with said selectively created layer of soldexr; and

flowing said layer of selectively created solder, creating solder
balls connecting said discrete electrical component with at least
one pair of.points of electrical contact in said layer of

passivation.
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i nterconnecting netalization structure; a polyner insulating, separating
| ayer deposited over said passivation layer that is substantially thicker
than said passivation layer and that is also substantially thicker than an

inter-layer -dielectric used for creating said interconnecting _ N_20
metal | i zation structure; openings fornmed through said pol yner i Bl a% P%g

separating |laye and.t hrough sai d passivation |ayer to expose at |east one
pair of said ng%tnéquPge?gc‘eraP@alzscﬁlﬁﬁ%ﬁﬁtn haid i sbeere prievidedli n or on

the surface Q84 verlaying interconnecting netalization structure,
sai d openi ngs Pl lﬁl%wcgatdc'{vsvi fﬁf%c%egjmfﬁei“i YeITrperPmtriséneat inegisetal a contacts
through sai ¢agReN OSHqa0d s8] d, inductor formed on the surface of said

pol ymer insul ating, separ at| ng Fayer, said inductor being connected to at

| east one pair of said points of electrical contact having been provided
in or on the surface of said overlaying interconnecting netalization

structure. 29. aAhenapdust of,,0f.¢claim28 wherein the size of said points of
el ectrical contact havi ng t%enlgirlo%?r SA PRCDOIIGRIFMeE S GEFaeESof 57 - 6 JUN

rzggge z?i gpgrilg%%ggsﬂ%s%&g?h@@teg% 55%%&%?.:[:grlléuzc%grogubss:[trrgggy Smpsitagy " the

a semiconductor substrate, in or on the surface of which
semiconductor devices have been created, having points of
electrical contact provided to said semiconductor devices in or
on the active surface of said substrate;
an overlaying interconnecting metalization structure comprising
one or more layers of interconnects over the active surface of
said substrate, said layers of interconnects comprising
conductive interconnect lines or conductive contact points or
conductive vias in one or more layers, with points of electrical
-contact having been provided in or on the surface of said
overlay;ng intefconnecting metalization structure, at least one
of said‘points of electrical contact making contact with at least
one of said conductive interconnect lines or said conductive

. contact points or said conductive vias provided in.said onelor
more layers of said overlaying interconnecting metalization

structure, at least one of said metal lines or said contact

po;nts.or said conductive vias making contact with at least cone
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30. The inductor of claim28 wherein said passivation |ayer conprises a
layer within the range of approximately 0.15 to 2.0 um of Plasma Enhanced
CVD (PECVD) oxide over which a layer within the range of approximtely 0.5
to 2.0 umPECVD nitride is deposited. 31. The inductor of clarf 28 @ierein

i . 4 i ng, aratin ayer_conprises polyimde or the _
;g}Snggkyggﬁf%g§gkgghggﬁ%“% é§f§33§gn#%éti%ﬁﬂﬁ¥%F'SP f5¥m 28 wherein said

pol lod [ ting. layer is of a thickness after curing wthin
Fgey?gﬁggﬁ§%%@%£%ggx?%g$e:ijf{gmigxlgﬁeu%%r%ﬁfe THe SPR u%ﬁ%ﬁtﬁﬁt%ﬂ ai m 28

wher ei g ipal rql | atd S ating layer s _spin-on coated and
cured.n% .E%ﬁggf%gﬁc%%gégfﬂ%f%%ﬁFSSSgﬁér%éﬂgéﬁfﬁgﬁgﬁ§ﬁer i nsul ati ng,

separ atii ! j et . i rocessing steps of spin on
cogtinJjg%ﬁk§%$FEE?nﬁgg#ggh%%ﬁggaggk£%§%£¥%é i nductor of claim 28 wherein

sai d_pal it yakrek feh 1 calg COUACL DAY 1O, beenproyided, in of, pn the surface

of said overlaying interconnecting izatiron structure rise a

mat er i gladatch 8nSeh st ady i QU 2p8LeUR.LOMRY 509 3PY %gf%%p%gi um num  CVD

tungsten, CVD copper, el ectropl ectropl a “oPD:
el ectr %s%ti%qtibhvféyelela%ﬁt rt%la%sisggigo asnuqast%ln%cltatrl?lyegkslicpllcé:r Qch'an an

inter-layer dielectric used for creating said interconnecting

' éetallization structure;
openings formed through said polymer insulating, separating layer
and through said passivation la;er to expose at least one palr of
- said points of electrical contact having been provided in or on
the surface of said overlaying interconnecting metalization
structure;
said openings filled with a conductive material, creating metal
contacts through said openings; and
said inductor formed on the surface of said polymer insulating,
separating layer, said inductor being connected to at least one
pair of said points of electrical contact having been provided in

or on the surface of said overlaying interconnecting metalization

structure.

29. The inductor of claim 28 wherein the size of said peints of

electrical contact having been provided in or on the surface of
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-36. The inductor of claim 28 whereby said inductor is enbedded in a
dielectric and furthernore covered by a | ayer of passivation. 37. The

i nductor of claim 36 wherein said dielectric is a lowK dielectric 38. The
i nductor of claim28 with the addition of one or nmore |ayers of"6 JUN 2006
ferro net 1. ¢ terial. _overlying said passivation |ayer over a thickness
of be?&ggﬁ %.%ﬁja%fqgh&ngﬁrﬁﬁﬁﬁ%§%%ﬂﬁzﬂﬁfa&ﬁé?tépns?ﬁ?%ﬁEEESréa thiEtit s about
t he su&Lgcgas £a over which s§§d gquctorﬁgverlays sai d pol yner

i nsul at'i ng paratihg rayer-—Yihtersbersi nj Y8id one or nore |ayers of

ferromagnetic material between the surface of said passivation |ayer and
the thereover deposited polyner insulating, separating layer. 59 - 6 JUN

2006 : ' tor of clai 8 wherein said inductor is of a spira
.designgghdg?g %ﬁ%ﬁﬁég 8% ?%%l%ﬂé%é%§§ﬁ)lns§Fa§p%?§§ﬁﬁaqﬁ%?uﬂéf?ﬁg,

' i lane that | Ilel to the pl f th
ur oot B e oy TR e aar PR YUY a0. LanEe  hellctor of

I e r
surface of said polynmer insu i ng,

claim i aid_i,n t i.s.created using damascene processing
procedé?egrgﬁﬁ%Q%hgnfﬁaugggr?%?é€?%fﬁ9§§ QHEF et ghidd leyatict b is tdreat ed
usi ng ods. of phot.ol ithog hi c exposure and etching. 42. A capacitor for
hi gh pgg%g?ﬁ%%égngﬁgéﬁ?%?gﬁ @ﬁ?&ﬁfﬁ%§£ﬁmtﬁ@cgﬂr?%ﬁ@iﬁ¥lé SeRf Ehirfftrct or

substrat e,

31. The inductor of claim 28 wherein said polymer insulating,
separating layer comprises polyimide or the polymer

benzocyclcbutene (BCB).

32. The inductor of claim 28 wherein said pelymer insulating,
separating layer is of a thickness after curing within the range

of approximately 1.0 to 150 um.

33. The inductor of claim 28 wherein said polymer insulating,

separating layer is spin-on coated and cured.

34. The inductor of claim 28 wherein said polymer insulating,
separating layer is subjected to multiple processing steps of spin

on coating and curing.
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said capacitor conprising a top plate and a bottom plate and a |ayer of
dielectric interspersed between said top and said bottom plate,
conprising: a sem conductor substrate, in or on the surface of mg‘@gizms
sem conduct or devi ces have been created, having points of elect

cont actzpr d id-s uctor deV|ces in or on the active surface
of sal§5gug§%rggg£9g%?5%%fﬁ%§lnggln Bredhiéct RGHet o5 AShisttuct ure

conpri n lnterconn cts over the active surface of
sarg sﬁ%@??g?eﬁagg?%qgayeg%% ? |ntercd%ﬁ%ct cSHﬁ¥?%T Sédfiduct i ve

fofolal e n{act, .poi nt's or JUN 2006
LQESngﬁggqéfgggfﬁngﬁ% orqﬁgﬁgg g%%?%fzatﬁﬁ? B%FH?Eufﬁ BB SEcal  cont act

havi n o} r t surface of said . overl aying
|nterggﬁﬁgg%?%gyﬁgfg?%gggfgﬁggtggg ut & AP F8§§flfﬁﬂg(ﬁp%£%“6e50|nts of

i or conneer T net? or eRe " Eohatc %W%%e“r o &eggfoaa"ﬂ%s%ﬁi‘lfdc%ﬁﬁﬁi{ ve

i nterconnect |ines or sai ¢onduc T

d rlaying
e DegKldepl i) g%tloﬁleg qv i%géf éﬁszgL? %%S“ﬁf%§aﬁﬁlﬁeﬁ%@ li nes

|nterconnect|ng net a : ' o abd fetad 1
or sai or said conductive vias making conta
| east %%geﬂ%?fézﬁQQMQ%ﬁts of electrical contact provided to said

senm conduct or deV|ces in or on the surface of said substrate,

36. The inductor of c¢laim 28 whereby said inductor is embedded in

a dielectric and furthermore covered by a layer of passivation.

37. The inductor of claim 36 wherein said dielectric is a low-K

dielectric.

38. The inductor of claim 28 with the addition of Onie Or nore
ldyers of ferromagnetic material overlying said passivation layer
over a thickness of between about 2 and 50 KAngstrom and over a
surface area that is about the surface area over which said
inductor overlays said polymer insulating, separating layer,
interspersing said one or more layers of ferromagnetic material
between the surface of said passivation layer and the thereover

deposited polymer insulating, separating layer.
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. . ) ) . . . d
said points of electrical contact provided on the surface of said _
overlgying i nterconnecting netalization structure being divided into pairs
of even and odd nunbered adjacent contact points whereby one pollén:glNomB
el ectrical contact can belong to only one pair; a passivation

deposi t ed. owes sald.averkaying, Jntsreannecting netalizatiop structyre:

openi ngs created in said |ayer passi vation, east dpEniTig

I
overl a t a |nt f d points. of_electrica
contac?hﬁgvﬁaéhggzﬁ g?gsgﬁggn?ﬁﬂ%?%%ﬁggﬁe ggr aé% 5@ sa.b“&%%ﬁ HV%ng

i nter COQ%&%A%@%@E&ZQB&O{BS& lél‘ %ha@l% an N ?LO ic§ Fgﬁfe}%r%%e ofyer of

conductive material deposited over the sur Sai

passi vathoru Neluding,sal g ApeN qg%uﬁg@gaggn%eLP Sr%'tqnﬁagéef of passi vati on;

[ [ [ to at |east
an opening created in said first layer o Five _
one gf sai d even nunbered points of electrical contact pTOV|ded in or on
the surface of said overlaying interconnecting netalization structure,

t nduc t or .S bottom pl ate of said
igbgcrlg? ﬁh?ygﬁmg%gggogyd%%:g%?ﬁlg% ggéél edpovechﬁg Str FacE 9t said

first ﬁéﬁﬁﬁ dﬂha%QBgEC££8@%§§¥§§’b%obedﬂgégd'ng sai d opening to at |east

41. The inductor of claim 28 wherein said inductor is created

using methods of photolithographic exposure and etching.

42. A capacitor for high performance

integrated circuits on the surface of a semiconductor substrate,
said capacitor comprising a top plate and a bottom plate and a
layer of dielectric interspersed between said top and said bettom
plate, comprising:

a semiconductor substrate, in or on the surface of which
semiconductor devices have been created, having points of
electrical contact provided to said semiconductor devices in or
on the active surface of said substrate;

an overlaying interconnecting métalization structure comprising
one or more layers of interconnects over the active surface of
said substrate, said layers of interconnects comprising

conductive interconnect lines or conductive contact points or
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one of said even nunbered points of electrical contact; an opening in said
| ayer of dielectric to at | east one of said even nunbered points of

el ectrical contact, partially exposing at |east one of said evg lﬂ&ﬁﬁgred
points of electrical contact, forming said |ayer of dielectric

i nt er spassed-Letween,s lLate, and sai d bottom plate; a second | ayer
of conductive mter?gl%gop%m ted 6vet ¥ h S'sd’rlftg‘ BOlBFSs%fQEJi%FérlCGﬁ

di el ectgddpadingl L. Qne,opening .created in said layer of
dielectric: and s%gglt)%%l %gsreldg 34i arcargaté’iet GHrEPEat el 3t Patterning and

et chi ng, Sl i $§C f._conductive material. 43. The capacitor of
claim a2 w ta%la d???%%\ yecg(%n r s:tJ %lz%Ve‘?'n S§§|u8t55?t et hekfagrid ceeched sai d

| ayer S o 6 JU 2006 an polynmer insulating, separating
| ayer ?Efposgﬁ"?egbgglté% (?1?:1 3 % STAGE 0?0’%5?% 6‘%[’&1&%68“5?\% tiHedq dgeptof

passi valjon,: I al d.open s created in said | ayer of passivation;
and | east onéaggeﬁ%&g}%&ﬁé’ té&gleﬁ %C‘b&iWr anéﬁ{L‘ét‘F?ﬁfu@éﬁar ating
_layer té}%tt %to asall east one, of said even nunbered points of

el ectrica con P& SBCBTV‘%a‘PcFSO\Pé’PI"é?Pﬁgmﬁﬂleﬂr conest i ng

nmet al i O0R ctur 44 The capacitor of claim42 wherein said
passi vgr?%]onlfa%ég %%rrsparjidsé)éreg PAYRY Wt HIGPRPRE IangRe bF Ligmnsrioni matel y 0. 15

to 2. Os%@hcture, at least one of said metal lines or said contact
points or said conductive vias making contact with at least one
of said points of electrical contact provided to said
semiconductor devices in or on éhe surface of said substrate,
said points of electrical contact provided on the surface of said
overlaying interconnecting metalization structure being divided
into pairs of even and odd numbered adjacent contact points
whereby one point of electrical contact can belong to only one
pair;
a passivation layer deposited over said overlaying
interconnecting metalization structure;
openings created in said layer of passivation, at least one
opening overlaying at least one even contact point of said points
of electrical contact having been provided in or on the surface of

said overlaying interconnecting metalization structure;
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of Pl asma Enhanced CVD (PECVD) oxide over which a |layer within the range of
approximately 0.5 to 2.0 um PECVD nitride is deposited. 45. The capacitor
of claim43 wherein said polyner insulating, separating |ayer_ §ﬁgﬁri0®es
polyi mi de or the polynmer benzocycl obutene (BCB). 46. The capac 0

cl aim 43 wherein said_pol yner insulating separating layer is of a

t hi ckne@stHftterladGri R GPERETE tife MedRgaal ofeRYPricid REEE §ha . B X GR ES@ fum
47. The capacitor of claim43 wherein said polyner insulating, separating

| ayer iS$35Di IR OFaPedshril it ednc83ding M 20061048, cAcr st strorsafigr hi gh
performance integrated circuits on the surface of a sem conductor

subst r at 8/ L onprASSiPA§2ta%eni conduct or substrate, in or on the surface of
whi ch semi conductor devices have been created, having points of

el ectri Al ROhtUECIHAGTRdRY TS digsdedrepndektomdgerivesnarenral ¢ t he
active surface of said substrate;, an overlaying interconnecting

met al i z&ti OTREt AAEL GfeSROAPTTE M bsEedoPo Bt Ffaydestsicaht @@igiitect s over
the active s %{Laoe of sajid substrate, said |ayers of interconnects

conpri s?ﬁ‘@“c% det iP¥e P nt T cotméde 1fnéaidr o eondudtiovénEpRt e PTiNTt s or
conductive vjas in one or nore aIﬂg}/er,s, with points of electrical contact

havi ng BeEN {70VioHed RSO on I3 ddrphcsavpr Lf gonductive material

forming said bottom plate of said capacitor;

a layer of dielectric deposited over the surface of said first
layer of conductive material, including said opening to at least
one of said even numbered point; of electrical contact;

an opening in said layer of dielectric to at least cne of said
even numbered points of electrical contact, partially exposing at
least one of said even numbered points of electrical contact,
forming said layer of dielectric interspersed between said top
plate and said bottom plate;

a second layer of conductive material deposited over the surface
of said layer of dielectric, including at least one opening
created in said layer of dielectric; and

said top plate of said capacitor created by patterning and etching

said second layer of conductivz material.

_43j The capacitor of claim 42 with additionally comprising, over

- said patterned and etched said layer of passivation:
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overlaying interconnecting netalization structure, at |east one of said
points of electrical contact making contact with at | east one of said

conductive interconnect lines or said conductive contact points or said
conductive vias provided in said one or nnre | ayers of said GvedVHyIlg

|nterc ngg&ggg n§£gu%§g§56y1sesg£ggtur | east g?ﬁ O%%%gg%inetal i nes

sai poi Nt's or ‘sa conﬁﬁ%tﬁie N iPEECRA with at

LE%SEoﬁﬁﬁct o B2 728 Fittsined PRy st dnRhes F&S%%%’S‘?arée?oﬁazdpass.vat.on
i %@%%%‘1@% CSGRTRGY b GH D IPoEard Payer UrBaserdat i on,
ol eLf?.sfca”*“g%Lt B s ah LB 0T et o Tha BT T SEES of S 20081 | ayi ng
the surTaee ePusarbiotder Si«at S5 EFE L Pt FRAP BT Ry SHTE e RTRG cr eat ed.
i Z?L%@?%?%?%EZ??A% PG TN e Age KT G B n sald | ayer of
pass'V%Hh%&toﬁ%%@#iﬂ%xﬁﬁxﬂ;za g%ogtrég The resi stor of C|alh]48 wherein

sai d passi vation

44. The capacitor of claim 42 wherein said passivation layer
comprises a layer within the range of approximately 0.1i5 to 2.0 um
of Plasma Enhanced CVD (PECVD) oxide over which a layer within the

range of approximately 0.5 to 2.0 um PECVD nitride is deposited.

45. The capacitor of claim 43 wherein said polymer insulating,
separating layer comprises polyimide or the polymer

benzocyclobutene (BCB)

46. The capacitor of claim 43 wherein said polymer insulating,
separating layer is of a thickness after curing within the range

of approximately 1.0 to 150 um.

47. The capacitor of claim 43 wherein said polymer insulating,

separating layer is spin-on coated and cured.
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conprises a layer within the range of approximately 0.15 to 2.0 um of
Pl asnma Enhanced CVD ( PECVD) oxi de over which a layer within the range of
approximately 0.5 to 2.0 umPECVD nitride is deposited. 50.A re§h3h@{ @Qr
hi gh performance integrated circuits on the surface of a semico %

substrate, gonprising:. a sem conductor substrate, in.or on the surface of
Wi ch i Eohatict o deu BESr Have TABR R Rt BES Hos g BTt S oRs
electrical contact grovide to saig sem conduct or devices in or on the
active 30r¥Hce Of %saFl SUBNT e SPRATHIEF 1 & 1°HEF connect i ng
metalization structure conprisin one or nore |ayers of interconnects over
the actf VEEHYENEEF %%Péq%??wagﬁoﬁé eR; s Bt EsEe O s By ayer s of

i nterconnects conprisin conductive i nterconnect, |ines or conductive
contactsfﬁﬁ9ﬁ¥9ﬁﬁtorc8ﬁﬂg%??\h?“ﬁ 8PN BRREST Mord "Payer8 swet h points of

electric contact having been provided in or on the surface of said

| .
overlay?f%f??ﬁc cSRRERET ?ﬁﬁﬁ%deﬁt?Bhds??TkﬁQquFtﬁf Felstedrd Gf said

poi nts of %%ectrhcal coPtacéggakigg contact with at |east one of said
conduct Vet EIRn8RE L3 They 5P18afdPEbhdtti ve contact points or said

conductive vi s)provlded in said one or_nore |ayers of said over]laying
Lntercoﬂ%é%??é%f HePal Lt FUH ST a8t BFE2L 4R Heds 5 TEHE CBF e saPBP 1et’dY | i nes or

sai d Conteacér en%ir%t iagérgaég icn%%(%%%%%\égt\s/i gx?ern%:iﬁen%c%gggagérggeh oa"ft | east

one .
said substrate, said layers of interconnects comprising
conductive interconnect lines or conductive contact points or
conductive vias in one or more layers, with points of electrical
contact having been provided in or on the surface of said
overlaying interconnecting metalization structure, at least one
of said points of electrical contact making contact with at least
one of said conductive interconnect lines or said conductive
contact points or said conductive wvias provided in said one or
more layers of said overlaying interconnecting metalization
structure, at least one of said metal lines or said contact
points or said conductive vias making contact with at least one
of said points of electrical contact provided to said
semiconductor devices in or on the surface of said substrate;

a passivation layer deposited over said overlaying

interconnecting metalization structure;
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of said points of electrical contact provided to said semn conductor
devices in or on the surface of said substrate; a passivation |ayer
deposited over said overlaying interconnecting netalization st__r_g;hhq 5006
openings created in said | ayer of passivation, at |east two of

i I t f
openi ng@bﬁql\i%rl ayi-ng @@dlrpa%yda LI%%%rggoé Vatl%ast pne, %?t sté‘iod Spm nts o

el ectr ntact aV|n een sur?ac verlay|ng

i | at , t g
| ayer donosoEEd g Se%%ﬁrtaéfﬁ%i%g ToHe o ﬁﬁﬁ%gﬁeabgﬁﬁsi?éﬁ%ﬁqg Erfor "

I d t ai d er of .passi vat| on;
Doy ke %VHQ ngeesnalpr S 2BeA, ngst}(ﬂ:)%%a}ﬁgq% Sen&dl Iﬁ?fﬂ "ers]@B’éFlﬁtl ng | ayer

at | east one pal I'n Ssa

Sard | e basE Ul .Zttn BECPAN 1y exposi ng at £ iﬂSGpaﬂeﬁﬁeSoE nt's
over | 25%2'9‘3%&?2%%%%(: g ns?%e”%%.g%%gseﬁeruciv“?e%*‘*”?%f%"f Fhooadtct i ve

Taver | FeNa0 agr e B B ngRt eEe ot Y Larh el Sher CThctl v,

separ at aye 8,y ayer, of _gonductive material that interconnects at
| east oinaggaﬁjalr %Fss%i{/ oﬁlenl ngs created in said | ayer of passjvation,

a layer of conductive material that interconnects at least one

pair of said openings created in said layer of passivation,

creating said resistor.

49. The resistor of claim 48 wherein said passivation layer

comprises a layer within the range of approximately 0.15 to 2.0 um
‘of Plasma Enhanced CVD (PECVD) oxide over which a layer within the

range of approximately 0.5 to 2.0 um PECVD nitride is deposited.

50. A resistor for high performance integrated circuits on the

surface of a semiconductor substrate, comprising:

a semiconductor substrate, in or on the surface of which
semiconductor devices have been created, having points of
electrical contact provided to said semiconductor devices in or
on the active surface of said substrate;

an overlaying interconnecting metalization structure comprising

one or more layers of interconnects over the active surface of
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creating said resistor. 51. The resistor of claim50 wherein said
passivation |ayer conprises a layer within the range of approxinmately 0.15
to 2.0 um of Plasma Enhanced CVD (PECVD) oxi de over which a_J§¥9 gthin
the range of apprOX|nater 0.5 to 2.0 umPECVD nitride is deposite 52

The reséggd) tgg@én] &Wfﬁyérg %%Ignpgrg qect%sgégélngﬁé Separatlng layer

conprises a po yner d|e ectiic conprises polyngr

b 53. . The _resi stor 3 erel n sald polyner

|ﬁgﬁFg¥%%gs%&§g%aggﬁé%%fq%f%5’Elnegfoﬁ f?Péﬁﬁﬁ%ﬁ? §PPg?g€u9?%ﬂijQFhln t he f
tel 1 to 150 u UN 2006 54. The resistor o

232?ﬁ1§b ﬁﬁRRI?ﬁlgg?% %%I fiver ﬁ?ﬁ?a?%ﬁﬁfsg PPAFEP aYkre i ddicaton

coat ed r The resi.star.of claim50 wherein sa ol yner
|nsulaf%%§i %sggg%g?u%%Iié”€W19§8suBJ%Et%ﬁ‘¥ﬁfﬁﬁFFFﬁFeOBr%%%gsung st eps of
C

n ur 5 crete electrical conmponent above the
zglpace %§¥yylggn?8g%§d% Tt Fﬁg? lz%ﬁﬂﬁﬂ §5rﬁﬁtu5e3e%FcHﬁHﬁbF

b t urfa ch. sem.conduct or devi ces have been
oroat e Fieail Bbifle L OE e A o GO heH: 1 Worg Loase
0

6.
e
Cc
Sen]Coqgﬁgc&rsggﬁlgggduékive 1n@e QS aCé%YEu&ﬂIE%Cgagé gg%été%ﬁﬁ%trate
contact points or said conductive vias provided in said one or
more layers of said overlaying interconnecting metalization
.structure, at least one of sald metal lines or said contact
points or said conductive vias making contact with at least one
of said points of electrical contact provided to said
semiconductor devices in or on the surface of said substrate;
a passivation layer deposited over said overlaying
interconnecting metalizaticn structure;
openings created in said layer of passivation, at least two of
said openings overlaying and partially exposing at least one pair
of points of electrical contact having been provided in the
surface of said overlaying interconnecting metalization structure;
a polymer insulating, separating layer deposited over the surface
of said patterned and etched layer of passivation, including said
openings created in said layer of passivation;
-at least one pair of openings in said polymer insuiating,

separating layer that aligns with at least one pair of openings
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an overlaying interconnecting netalization structure conprising one or
nore | ayers of interconnects over the active surface of said substrate,
said | ayers of interconnects conprising conductive interconnect |ines or
conductive contact points or conductive vias in one or nore |ay@J¥N P& h

poi nts of .rical ntact. having_been provi.ded in or on the surface of
sai d oveerféaeﬁ%él %%’%gr%g g‘hlgcfl gasrsréLtgg]t')f%%‘t ipoarftsltaﬁgé’t GFBOSHRY |FadteaShe  of
sai d pojnt spa(?Lfr electri glm_goegt a%t .ma in(g contact with at | east one of said
conducti ve fint ercoRnect” 1T hes S 4aPd CORIct iR P8oRESR tPHOY i 67 sai d

conductj,ve Vi provided . in said.one.or nore |ayers of said overlaying
He it ek \él P35t i VI B8 Ying IUReHUE e dPgcPEFel 12iti¥nst one of

i nt er connecti ng HE?

sai d nest,éarl Itiunees_ or said contact points or said conductive vias naking
contact®With'at ‘'l east one of said points of electrical contact provided to

said ser‘g’acondu%t or gevi ces in or on the surface of said substrate; a
passi vat i on dTrayer “GBpoSt e "B\rEr1edi devet e iqvgr theerephertiihgaia

nmet al i zac'gli orérst.ruc&u e; openi ngs created in said | ayer of passivation, at

| east thwo"0F " §8°d %E’e‘iﬁ‘i”ng&ep@\? FEAYE MY et eddtdighespatrontnissint s of

el ectrigal . contact. having been EE:OVi ded in the surface of said overlaying
i nt er coRnect 1 ng metali TAY G SPPULEhIRI . FIRATGIRGIat2YeBst one  pair of

pOIﬂtS éﬁléye%cg%l88Ld&é¥gégnﬁ£tgr§gidtéa Q{négré%%igtggtégnieast one
pair of said openings created in said layer of passivation,

creating said resistor.

51. The resistor of claim 50 wherein said passivation layer
comprises a layer within the range of approximately 0.15 to 2.0 um
of Plasma Enhanced CVD ({(PECVD) oxide over which a layer within the

range of appreximately 0.5 to 2.0 um PECVD nitride is deposited.

52. The resistor of claim 50 wherein said polymer insulating,
separating layer comprises a polymer dielectric comprises

polyimide or the polymer benzocyclobutene {BCB).
53. The resistor of claim 50 wherein said polymer insulating,

separating layer is of a thickness after curing within the range

of'approximately 1.0 to 150 um.
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an polyner insul ating, separating.layer deposited over the surface of said

patterned and etched layer of passivation, including said openings created
in said layer of passivation; at |east one pair of openings crgateleqwsald
pol ymer insulating, separating |ayer that aligns with at |east fbd8 r of

Poi nts oi. mleaiasicabr contaRliPEOVLAsdoin a8 JAYRE,Of passival i on: "a

| ayer of conductive material selectively deposi oygrdt. :gﬁgf?ce of ?t
| east o 1t1@f 1BOLR! S5 Ofpi6]-@el bhaaby COM aGl . provided in said |ayer o
passivé?%gﬁ%!#ﬁgling sai% 5ﬁénings created 1n sdid pol ymer insul ati ng,

separating layer, creating conductive plugs through said polyner
i nsul ati ng, separating |ayer, said conductive plugs overlaying at | east

one paigs Ofr R s8N 2006 gl B Swg%rgl§cé Lf%kvg%%&gg%3$ %&%&g? iﬂesaid

| ayer of passivation; a |layer of solder selecti

f I3 [V, I , [ iscrete electrical conponent
surt scesalestidy sopdhold wealugsy 201 fuflsmrele shestrioal comonent
sol der suchhatthal aggeg&fﬂﬂgy contact points of said discrete electrlcal
conmponent align with saidselectively created |ayer of solder; and said
sel ectively created | ayer of solder flowed, creating solder balls
connecting said discrete electrical conponent with said .

56. A discrete electrical component above the surface of a
:
semiconductor substrate, comprising:
a semiconductor substrate, in or on the surface of which
semiconductor devices have been created, having points of
electrical contact provided to said semiconductor dévices in or
on the active surface of said substrate:
an overlaying interconnecting metalization structure comprising
one or more layers of interconnects over the active surface of
said substrate, said layers of interconnects comprising
conductive interconnect lines or conductive contact points or
conductive vias in one or more layers, with points of electrical
contact having been provided in or on the surface of said

' overlaying interconnecting metalization structure, at least one
of said points of electrical contact making contact with at least
one of séid conductive interconnect lines or said conductive

- contact points or said conductive vias provided in said one or

more layers of said overlaying interconnecting metalization
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conductive plugs in said polyner insulating, separating layer, thereby
connecting said discrete electrical conponent with a pair of points of

el ectrical contact in said layer of passivation_ 57. The discrete

el ectrical conponent of claim56 wherein said paSS|vat|on | ayef JUNPEG ses

I h 0 anppr to 2.0 n10f asma
Enhanced VD (BEOND) on e Sver v et dahesi SRis iheaPaags of

P sy 62460 b LD e 3 v g 50 ey et

el ectrical conponent of claim erein

arat | o SRNPIeS d r. the I benzocycl obut ene
?EEB) ?gg?EgMJ N 2006f %geggk¥é%%s§?eaaCt Prgt P%get% ent of claimb56

wherein I Ng, . SE ratln Ia er _is of a thickness after
curing vS\n%? |%R§%%{%#§§§§F appr%% atrIeyS ‘i%os"h’rﬁ %@’St?ﬁéedl screte

el ectrica ent ,of cl n156 wher ei n sald ner !nsulatlng, _
separat%ng %§£%§¥%é}'§%'ﬁroﬁe 2t ed an o FPed. OB 2l i screte el ectrical

conponen t8£cg$%%ép€%§ me%rflza %%gsﬁgﬂgyner |nsulat|ng, separating |ayer is

subjecte processi & épi n on coating and curing. 62.

The d I o e of ¢ m 56 erein ald di screte
elgctlfggghg%§%§%%%#%%3 ge c$e£%¥?%ﬁ?%.gﬁgﬁﬁagg Tl%ﬁ 3255 FBSiQtor, a

Capac'tQﬁléngpéﬁhﬂdyj%QEgﬁaying at least one pair of points of electrical
;Qntact having been provided in the Surface of said overlaying
interconnecting metalization structure, providing at leasi one
pair of points of electrical coﬁtact in said layer of passivation;
an polymer insulating, separating.layer deposited over the
surface of said patterned and etched layer of passiwvation,
including said openings created in said layer of passivétion;
at least one pair of openings created in said polymer insulating,
separating layer that aligns with at least one pair of points of
‘electrical contact provided in said layer of passivation:

a layer of conductive material selectively deposited over the
surface of at least one pair of points of electrical contact
provided in said layer of passivation, filling said openings
created in said polymer insulating, separating layer, creating
conductive plugs through said polymer insulating, separating

layer, said conductive plugs overlaying at least one pair of
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63. A discrete electrical conponent nounted above the surface of a
sem conduct or substrate, conprising: a sem conductor substrate, in or on
the surface of which sem conductor devices have been created, having
points of electrical contact provided to said sem conductor gdey o@s i n or
on the agtive suLface. pof said.substrate; an overlayin in% erconnecting
net al i zggc'fli on structure conpri si ﬁu’g pgﬁgl%?C?lﬁ& ésallgyi% bf°F nt er connects over
the actiye surftace of said substrate, said |ayers of interconnects

. a ; Lo . .
conpri sdl ng 13’% - é JUN 2006 conductive interconnect |ines or conductive

cont act ints._ar pducti.ve . vias in one or nore |layers, with points of
el ectr iacg1 Y%t‘croﬁ?a%fc’f %{/isnegleﬁé:éﬁe&'oﬁﬁ%ﬁec?r?v&r Ghet Rer§if9 &fe S6ftdsai d

over | ayj ! %ui @Ti‘efgcoPneScjti ng nmetalization structure, at |east one of said
poi nts of el ectrical®tontact making contact with at |east one of said

conductsia\i% idgtsggggnnect li‘”%it or said conductive contact points or said
YT aaCamBRReRY PYord oPgflerROBE dYover | ayi ng

e @
conduct i ve Vi as prov?luee‘%f
i nterconnecting netalizati structure, at |east one of said netal |ines

o [
or sai @ CORTSEE “hot niE Drod&rG e Bhiucts Ve Fay eRaRE ne te#t dvChwichAt at
| east f.sald points of electrical contact provided to said
sem co%g%c??g%%%%vf N pé’rm%ﬁ Phe® 3t fECE TS es 5 stbst Y gtFpongnt

paSSiV%hE%Q L@Xﬁrsggﬁxggfégli%%§5 ggégkééﬂﬁgfg%lgg solder; and
said selectively created layer of solder flowed, creating solder
balls connecting said discrete electrical component with said
| conductive plugs in said polyme; insulating, separating layer,
thereby connecting said discrete electrical component with a pair

of points of electrical contact in said layer of passivation.

57. The discrete electrical component of claim 56 wherein said
passivation layer comprises a layer within the range of
approximately 0.15 to 2.0 um of Plasma Enhanced CVD {PECVD} oxidé
over which a layer within the range of approximately 0.5 to 2.0 um

- PECVD nitride is deposited.
'58. The discrete electrical component of claim 56 wherein said

polymer insulating, separating layer comprises polyimide or the

_.:polymer benzocyclobutene (BCB).
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i nterconnecting metalization structure; openings created in said |ayer of
passivation, at least two of said openings overlaying at |east one pair of
poi nts of electrical contact having been provided in the surface ofg@ald
overlaying interconnecting netalization structure, providing a6 JWadi8one

pai r of 5poiTies difscekeet &icalricant ashpblesai g | Ay6H ok Qﬁé?éz‘_’ﬁtéa%’?i a layer
of solder selectively deposited over the surface of at |east one pair of

0i nt s 1l elactinisoakteaQ] %épdﬁtaﬁlgdlla%@rl@fof F%asc%'l\é?q LoD; discrete
glectrlcal conponent positioned above and aligned sald§se ectively

deposi t@driray eri tofi nsehderasgichy it %?br@%ma@eﬂy'\i ?EPQ@ 1%68%” cal contact

poi nts of said discrete electrical conmponent™ align wth said selectively
deposited | ayer of solder; and said |ayer of selectively deposited sol der
flowed, creating solder balls connecting said discrete electrical

conponest. witteh digtrbeassl ang iRair cefp BQéﬁ%Sx@KﬁEJﬁPE%‘%ﬁér&O”E%F%I'” sai d
| ayer of passivation. 64. The discrete electrical conponent of claim63

wher ei nocsiaint rpassuvat 104, | AYR-CQRR 1§65, 3 4 ayan Wit ?EE%)ar{cgn

approximately 0.15 to 2.0 um of Pl asma Enhancéd CVD oxi de over
which a layer within the range of approximately 0.5 to 2.0 um PECVD nitride
i's dep05|ted .

61. The discrete electrical component of claim 56 wherein said

polymer insulating, separating layer is subjected to multiple

processing steps of spin on coating and curing.

62. The discrete electrical component of claim 56 wherein said

discrete electrical component is selected from a group comprising

a resistor, a capacitor and an inductor.

63. A discrete electrical compenent mounted above the surface of

a semiconductor substrate, comprising:

a semiconductor substrate, in or on the surface of which
semiconductor devices have been created, having points of
electrical contact provided to said semiconductor devices in or
on the active surface of said substrate;

an Qverlaying interconnecting metalization structure comprising
ong Or more layers of interconnects over the active surface of

said substrate, said layers of interconnects comprising
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65. The discrete electrical conponent of claim63 wherein said discr ete
el ectrical conmponent is selected froma group conprising a resistor,
capacitor and an inductor. 66. The nethod of claim1l wherein said mﬂ@l tor
is created overlying the surface of a |ayer of passivation whéBepyN

| ayer égndﬂyﬁﬂhg‘gﬁté§céﬂﬁ¥c&CQ1ngg Plhgoﬁghr%%%eokockggpb%%rﬂ?reln Sald

inductor is a helix structure overlying aT ayer S4&id | ayer of

t 8. .The net hod
pOlyWEanQMﬁ&_%bnngSLgygﬂlogrp%%§gV§ %On ” gﬁwugpap o%gr?%ﬁﬁﬁjléaﬂayer of

of claim1 wherein sai uctor i's a

lied. 9. The method of
pass| Vaédncﬁc\@h‘%@9}\’{?Q&)porrl %v‘{ PRAYbIT SiF hs gﬁ)%tflfaga ?gy%arldrg Im;m gat Ce)d

claim 11l wherein sa |nsu atin g,

. | a 5,wh | ymer i nsul ating,
gre%a: :’:I!LI ngz%g E ] %%‘%’d“ﬁgz e%ngr SFethe e| 'ﬁ%uﬁﬁﬁ(ﬁBé of ‘@atmese \é\hgrle: n
d t.ed ect Iatln screen printing, an a
rsrghnt.sﬁ‘!fd%?zll&aiﬁﬁm Rrbd S Sflﬁ\ éf]g‘f? gil%Th '&°§5F?“Wli“fﬁ“aﬁﬁfié
m e inductor o

| te
PR LT 9%?“?11"‘3@1&&. ng¥cgaba$atwbeﬁ Serid TRAYELSE dry film

contact points or said conductive vias provided in said one or
more layers of said overlaying interconnecting metalization
structure, at least one of said metal lines of said contact
points or said conductive vias making contact with at ieast one
of said points of electrical contact provided to said
semiconductor devices in or on the surface of said substrate;

a passivation layer deposited over said overliaying
interconnecting metalization structure:

openings created in said layer of passivation, at least two of
'said openings overlaying at least one pair of points of electrical
.contact having been provided in the surface of said overiaying
interconnécting metalization structure, providing at least one
pair of points of electrical contact in said layer of passivation;
a layer of solder selectively deposited over the surface of at
ieast one pair of points of electrical contact in said layer of
passivation;

said discrete electrical component positioned above and aligned

with said selectively deposited layer of solder such that
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74. The inductor of claim28 wherein said inductor is of a helix design
and is created on the surface of said polyner insulating, separating |ayer
and in a plane that is parallel to the plane of the surface of said

pol ymer insul ating, separating |ayer, whereby 74 - 6 JUN 2008 ¢ sidiNnd200yer
O pol gﬁr}gr ti S dﬁposi ted over the surface of a |ayer of passivation. 75.
The i ndUStSr6F* cFEI 198 RikdYs wsarddi Abeicsr ied et r achbl ¢opadesitgn and i s
created on the surface of said polyner insulating, separating |layer and in
a pl ane 98t it EPparaf | 291 itved yprgResbted thyesupfasel et saimdl pol yner

insul ating, separating |ayer, whereby said |ayer of polynmer is deposited
over ' t HESUrRAEE BF aC1eBievedy dsepyi hedesoMirtar dhgwsdi dofeteimonf pol yi mi de
is deposited over the surface of a |layer of passivation. 76. The capacitor
of cl ai TR A4S TWhE!&F nCLF Py iFer 4 AsEFEeinElecdapanit tompdmarer viighl ani nat ed
dry film _77. The resjstor of claim50 wherein said polymer insulating,
separ atd'nd SPEFe P sP? Wi Hatid 1@y of | Phectrgicatheodraet ete wiat ticiveal

conmpone of c¢claimb56 wherein said polyner insulating, separating |layer is
| ami nat®ed Pac§*¥RFnPm 75 :

64. The discrete electrical component of claim 63 wherein said
passivation layer comprises a layer within the range of
approximately 0.15 to 2.0 um of Plasma Enhanced CVD (PECVD) oxide

over which a layer within the range of approximately 0.5 to 2.0 um

PECVD nitride is deposited.

65. The discrete electrical component of claim 63 wherein said
discrete electrical component is selected from a group comprising

a resistor, a capacitor and an inductor.

©6. The method of claim 1 wherein said inductor is created

overlying the surface of a layer of passivation whereby no layer

of polyimide is applied.

67. The method of claim 1 wherein said inductor is a helix

Structure overlying a layer of polymer, said layer of polymer

overlying a layer of passivation.
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68. The method of claim 1 wherein said inductor is a helix
structure overlying a layer of passivation whereby no layer of

polyimide is applied.

69. The method of claim 11 wherein said polymer insulating,

separating layer is laminated dry film.

70. The method of claim 15 wherein said polymer insulating,

1

separating layer is laminated dry film.

-+

71. The method of claim 21 wherein said solder ball is created by

electroplating, screen printing, and ball mounting.

72. The method of claim 21 wherein said polymer insulating,

separating layer is laminated dry film.

73. The inductor of claim 28 wherein said polymer insuwlating,

separating layer is laminated dry film.

74. The inductor of claim 28 wherein said inductor is of a helix
design and is created on the surface of said polymer insulating,
separating layer and in a plane that is parallel tco the plane of

the surface of said polymer insulating, separating layer, whereby
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said layer of polymer is deposited over the surface of a layer of

passivation. -

75. The inductor of claim 28 wherein said inductor is of a helix
“design and is created on the surface of said polymer insulating,
separating layer and in a plane that is parallel to the plane of
the surface of said polymer insulating, separating layer,Awhereby
said layer of polymer is deposited over the surface of a iéQer of

.

polyimide, whereby said layer of polyimide is deposited over the

surface of a layer of passivation.

-

76. The capacitor of claim 43 wherein said polymer insulating,

separating layer is laminated dry film.

77. The resistor of claim 50 wherein said polymer insulating,

separating layer is laminated dry film.

78. The discrete electrical component of claim 56 wherein said

polymer insulating, separating layer is laminated dry film.
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